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Abstract 
 
Title: The Effects of Polythene Bag-Size and Soil Types on Seedlings 
of Three Tree Species  
 
This study was conducted in the nursery of the Faculty of Forestry, University of 
Khartoum, Shambat, from 3/8/2006 to 22/11/2006. It aimed to investigate the effects 
of four container sizes (8x13, 10x20, 20x30 and 30x40 cm) and four types of growing 
media (sand, clay, silt and humus) on the growth of three tree species (Tamarindus 
indica, Albizia lebbeck and Acacia senegal). 
The results revealed that the growth of Tamarindus indica seedlings was generally 
highest in the clay substrate and lowest in the humus medium, and it was moderate in 
the silt and sand substrates. The growth of shoot length was in the following 
sequence: clay (72.8 cm), silt (56.2 cm), humus (53.9 cm) and sand (36.3 cm). The 
root length growth was in the following sequence: sand (73.3 cm), silt (56.6 cm), clay 
(49.3 cm) and humus (23.2 cm). The root collar diameter growth was in the following 
sequence: Clay (7.2 mm), silt (5 mm), sand (4.8 mm) and humus (4.2 mm). The 
seedling weight growth was in the following sequence: clay (15.5 g), sand (7.5 g), silt 
(6.9 g) and humus (4.3 g).  
The growth performance of T. indica seedlings was proportional to the container 
size i.e. the highest values of growth parameters were found in the bigger containers 
(30x40 and 20x30 cm) and the lowest values were in the smaller containers (8x13 and 
10x20 cm). The mean shoot lengths were in the following order from the bigger 
container to the smaller container: 68.8, 60.9, 44.6 and 41.1 cm. The mean root 
lengths were in the following order from the bigger container to the smaller container: 
68.5, 51.2, 42.9 and 47.7 cm. The mean root collar diameters were in the following 
order from the bigger container to the smaller container: 6.4, 5.7, 4.6 and 4.4 mm. The 
mean of the seedling weights were in the following order from the bigger container to 
the smaller container: 13.3, 10, 5.3 and 5.8 g.       
The results revealed that the growth of Albizia lebbeck seedlings was generally 
highest in the silt substrate and poorest in the sand medium, and it was moderate in 
the clay and humus substrates. The growth in shoot length was in the following 
sequence: silt (73.3 cm), clay (62.6 cm), humus (56.4 cm) and sand (36.8 cm). The 
root length growth was in the following sequence: silt (57.1 cm), sand (55.9 cm), clay 
(29.5 cm) and humus (25.9 cm). The root collar diameter growth was in the following 
sequence: silt (9.9 mm), clay (8.9 mm), humus (8.2 mm) and sand (7.3 mm). The 
seedling weight growth was in the following sequence: silt (36.8 g), clay (29.2 g), 
humus (21.8 g) and sand (18.3 g).  
The growth performance of Albizia lebbeck seedlings was proportional to the 
container size i.e. the highest values of growth parameters were found in the bigger 
containers (30x40 and 20x30 cm) and the lowest values were in the smaller containers 
(8x13 and 10x20 cm). The mean shoot lengths were in the following order from the 
bigger container to smaller container: 70.4 cm, 60.4 cm, 50.2 cm, and 41.3 cm. The 
mean root lengths were in the following order from the bigger container to the smaller 
container: 50.4, 39.6, 49.5 and 31.4 cm. The mean root collar diameters were in the 
following order from the bigger container to the smaller container: 10.1, 9.6, 7.5 and 
6.5 mm. The mean of the seedling weights were in the following order from the 
bigger container to the smaller container: 41.4, 30.6, 19.1 and 10.7 g. 
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The results revealed that the growth of Acacia senegal seedlings was generally 
highest in the clay substrate and poorest in the humus medium, and it was moderate in 
the silt and sand substrates. The growth in shoot length was in the following 
sequence: Clay (61.2 cm), silt (49.1 cm), humus (45.6 cm) and sand (41.4 cm). The 
root length growth was in the following sequence: Clay (48.8 cm), sand (48.7 cm), silt 
(48.5 cm) and humus (27.7 cm). The root collar diameter growth was in the following 
sequence: Clay (7.4 mm), silt (4.8 mm), sand (4.8 mm) and humus (4.4 mm). The 
seedling weight growth was in the following sequence: Clay (10.3 g), sand (4.4 g), silt 
(3.9 g) and humus (3 g).  
The growth performance of Acacia senegal seedlings was proportional to the 
container size i.e. the highest values of growth parameters were found in the bigger 
containers (30x40 and 20x30 cm) and the lowest values were in the smaller containers 
(8x13 and 10x20 cm). The mean shoot lengths were in the following order from the 
bigger container to the smaller container: 57.7 cm, 53.8 cm, 43.2 cm, and 40.6 cm. 
The mean root lengths were in the following order from the bigger container to the 
smaller container: 56.6, 54.3, 31.5 and 41.7 cm. The mean root collar diameters were 
in the following order from the bigger container to the smaller container: 6, 5.6, 5.1 
and 4.5 mm. The mean of the seedling weights were in the following order from the 
bigger container to the smaller container: 7.5, 6.5, 4 and 3 g. 
The growth performance of all the measured parameters, without consideration to 
the media type and tree species, increased when the size of the container increased, 
i.e. the highest values of parameters growth were found in the bigger containers 
(30x40 and 20x30 cm) and the lowest values were in the smaller containers (8x13 and 
10x20 cm). The mean shoot lengths were in the following order from the bigger 
container to the smaller container: 65.7, 58, 44.9, and 42.3 cm. The mean root lengths 
were in the following order from the bigger container to the smaller container: 58.3 
cm, 45.5 cm, 41.5 cm, and 41 cm. The mean root collar diameters were in the 
following order from bigger container to the smaller container: 7.6, 6.8, 5.8 and 5.1 
mm. The mean seedling weights were in the following order from the bigger container 
to the smaller container: 21.2, 14.8, 9.5 and 6.3 g. 
All the measured parameters, without consideration to the container sizes and tree 
species, were generally greater in the clay than in the other media. The growth of the 
shoot length was in the following sequence: Clay (65.7 cm), silt (59.2 cm), humus (52 
cm) and sand (38 cm). The root length growth was in the following sequence: Sand 
(60 cm), silt (53.8 cm), clay (43.5 cm) and humus (25.6 cm). The root collar diameter 
growth was in the following sequence: Clay (7.8 mm), silt (6.5 mm), humus (5.6 mm) 
and sand (5.6 mm). The seedling weight growth was in the following sequence: Clay 
(17.6 g), silt (15.6 g), sand (10.1 g) and humus (9.7 g). 
A. lebbeck seedlings recorded the highest growth than the other two species. T. 
indica seedlings came in the second degree and A. senegal seedlings came in the last 
degree. 
Finally the results showed that larger containers permit to obtain bigger and sturdy 
seedlings for all the tree species. Clay represents a good potential medium for raising 
T. indica and A. senegal seedlings while silt medium is suitable for raising A. lebbeck 
seedlings in the nursery. 
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 اﻟﺨﻼﺻـــــــــــــــﺔ
 
   أﻧﻮاع ﺷﺠﺮﻳﺔﺔ ﺷﺘﻮل ﺛﻼﺛﻠﻴﻦ و أﻧﻮاع اﻟﺘﺮب ﻋﻠﻰﺜﻳات أﺣﺠﺎم أآﻴﺎس اﻟﺒﻮﻟﻲ إﺗﺄﺛﻴﺮ: اﻟﻌﻨﻮان
  
 ﺣﺘѧﻰ  6002/3/8 ﺷѧﻤﺒﺎت، ﻣѧﻦ ﺗѧﺎرﻳﺦ - ﺟﺎﻣﻌѧﺔ اﻟﺨﺮﻃѧﻮم -أﺟﺮﻳﺖ هﺬﻩ اﻟﺘﺠﺮﺑѧﺔ ﻓѧﻲ ﻣѧﺸﺘﻞ آﻠﻴѧﺔ اﻟﻐﺎﺑѧﺎت 
 .6002/11/22
 و 03×02،02×01،31×8)اﻟﺤﺎوﻳѧѧﺎت هѧѧﺪف هѧѧﺬﻩ اﻟﺘﺠﺮﺑѧѧﺔ دراﺳѧѧﺔ ﺗѧѧﺄﺛﻴﺮ أرﺑﻌѧѧﺔ أﺣﺠѧѧﺎم ﻣﺨﺘﻠﻔѧѧﺔ ﻣѧѧﻦ 
: ﻋﻠѧﻰ ﻧﻤѧﻮ و ﺗﻄѧﻮر ﺷѧﺘﻮل ﺛﻼﺛѧﺔ أﻧѧﻮاع ﺷѧﺠﺮﻳﺔ هѧﻲ ( رﻣﻞ، ﻃﻴﻦ، ﺳﻠﺖ و دﺑﺎل )و أرﺑﻊ أوﺳﺎط ﻧﻤﻮ (  ﺳﻢ 04×03
  .اﻟﻌﺮدﻳﺐ، دﻗﻦ اﻟﺒﺎﺷﺎ و اﻟﻬﺸﺎب
أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن اﻟﻨﻤﻮ اﻷﻓﻀﻞ ﻟﻐﺮاس اﻟﻌﺮدﻳﺐ آﺎن ﻓﻲ وﺳﻂ اﻟﻄﻴﻦ و آﺎن اﻟﻨﻤѧﻮ ﻣﺘﻮﺳѧﻄﺎ ﻓѧﻲ اﻟѧﺴﻠﺖ 
  :ﻓﻘﺪ آﺎن ﻧﻤﻮ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮي آﺎﻟﺘﺎﻟﻲ.  ﻧﻤﻮ ﻟﻪ ﻓﻲ اﻟﺪﺑﺎلواﻟﺮﻣﻞ و آﺎن أﻗﻞ
و آѧѧﺎن ﻧﻤѧѧﻮ (. 3.63)و ﻓѧѧﻲ اﻟﺮﻣѧѧﻞ (  ﺳѧѧﻢ9.35)و ﻓѧѧﻲ اﻟѧѧﺪﺑﺎل (  ﺳѧѧﻢ2.65)و ﻓѧѧﻲ اﻟѧѧﺴﻠﺖ (  ﺳѧѧﻢ8.27)ﻓѧѧﻲ اﻟﻄѧѧﻴﻦ 
و ﻓѧﻲ اﻟѧﺪﺑﺎل (  ﺳѧﻢ 3.94)و ﻓѧﻲ اﻟﻄѧﻴﻦ (  ﺳѧﻢ 6.65)وﻓѧﻲ اﻟѧﺴﻠﺖ (  ﺳﻢ 3.37)ﻓﻲ اﻟﺮﻣﻞ : اﻟﻤﺠﻤﻮع اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ 
 8.4)و ﻓѧﻲ اﻟﺮﻣѧﻞ ( ﻣѧﻢ  5)وﻓѧﻲ اﻟѧﺴﻠﺖ (  ﻣﻢ2.7)ﻓﻲ اﻟﻄﻴﻦ : ﺎن ﻧﻤﻮ ﻗﻄﺮ اﻟﻌﻨﻖ اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲو آ(. ﺳﻢ  2.32)
وﻓѧﻲ اﻟѧﺴﻠﺖ (  غ 5.7)و ﻓѧﻲ اﻟﺮﻣѧﻞ (  غ 5.51)اﻟﻄѧﻴﻦ : وآﺎن ﻧﻤﻮ وزن اﻟѧﺸﺘﻠﺔ آﺎﻟﺘѧﺎﻟﻲ (.  ﻣﻢ 2.4)و ﻓﻲ اﻟﺪﺑﺎل ( ﻣﻢ
  (.  غ3.4)و ﻓﻲ اﻟﺪﺑﺎل (  غ9.6)
 أن اﻟﻘѧﻴﻢ اﻷﻋﻠѧﻰ ﻟﻠﻤﻌѧﺎﻳﻴﺮ اﻟﻤﺪروﺳѧﺔ آﺎﻧѧﺖ ﻓѧﻲ أي آѧﺎن ﻧﻤѧﻮ ﻏѧﺮاس اﻟﻌﺮدﻳѧﺐ ﻣﺘﻨﺎﺳѧﺐ ﻣѧﻊ ﺣﺠѧﻢ اﻟﻜѧﻴﺲ   
(. ﺳѧﻢ  02×01و 31 ×8)و اﻟﻘѧﻴﻢ اﻷدﻧѧﻰ آﺎﻧѧﺖ ﻓѧﻲ اﻷآﻴѧﺎس اﻟѧﺼﻐﻴﺮة (  ﺳﻢ04×03 و 03×02)اﻷآﻴﺎس اﻟﻜﺒﻴﺮة 
، 8.86: ﻓﻘѧﺪ آѧﺎن ﻣﺘﻮﺳѧﻂ ﻃѧﻮل اﻟﻤﺠﻤѧﻮع اﻟﺨѧﻀﺮي اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ اﻟﻜﺒﻴѧﺮة إﻟѧﻰ اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
ﺎن ﻣﺘﻮﺳѧѧﻂ ﻃѧѧﻮل اﻟﻤﺠﻤѧѧﻮع اﻟﺠѧѧﺬري اﻋﺘﺒѧѧﺎرا ﻣѧѧﻦ اﻟﺤﺎوﻳѧѧﺔ اﻟﻜﺒﻴѧѧﺮة إﻟѧѧﻰ اﻟﺤﺎوﻳѧѧﺔ و آѧѧ.  ﺳѧѧﻢ1.14و  6.44، 9.06
و آѧﺎن ﻣﺘﻮﺳѧﻂ ﻗﻄѧﺮ اﻟﻌﻨѧﻖ اﻟﺠѧﺬري اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ .  ﺳѧﻢ7.74و  9.24، 2.15، 5.86: اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ
، 01، 3.31: وآѧﺎن ﻧﻤѧﻮ وزن اﻟѧﺸﺘﻠﺔ آﺎﻟﺘѧﺎﻟﻲ . ﻣﻠѧﻢ  4.4و  6.4 ، 7.5، 4.6: اﻟﻜﺒﻴﺮة إﻟﻰ اﻟﺤﺎوﻳﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
  . غ 8.5 و 3.5
آﻤﺎ أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن اﻟﻨﻤﻮ اﻷﻓﻀﻞ ﻟﻐﺮاس دﻗﻦ اﻟﺒﺎﺷﺎ آﺎن ﻓﻲ وﺳѧﻂ اﻟѧﺴﻠﺖ و آѧﺎن اﻟﻨﻤѧﻮ ﻣﺘﻮﺳѧﻄﺎ ﻓѧﻲ 
  :ﻓﻘﺪ آﺎن ﻧﻤﻮ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮي آﺎﻟﺘﺎﻟﻲ. اﻟﻄﻴﻦ واﻟﺪﺑﺎل و آﺎن أﻗﻞ ﻧﻤﻮ ﻟﻪ ﻓﻲ اﻟﺮﻣﻞ
و آѧѧﺎن ﻧﻤѧѧﻮ (. 8.63)ﺮﻣѧѧﻞ و ﻓѧѧﻲ اﻟ(  ﺳѧѧﻢ4.65)و ﻓѧѧﻲ اﻟѧѧﺪﺑﺎل (  ﺳѧѧﻢ6.26)و ﻓѧѧﻲ اﻟﻄѧѧﻴﻦ (  ﺳѧѧﻢ3.37)ﻓѧѧﻲ اﻟѧѧﺴﻠﺖ 
و ﻓѧﻲ اﻟѧﺪﺑﺎل (  ﺳѧﻢ 5.92)و ﻓѧﻲ اﻟﻄѧﻴﻦ (  ﺳѧﻢ 9.55)وﻓﻲ اﻟﺮﻣﻞ (  ﺳﻢ 1.75)ﻓﻲ اﻟﺴﻠﺖ : اﻟﻤﺠﻤﻮع اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ 
و ﻓѧﻲ اﻟѧﺪﺑﺎل ( ﻢﻠѧ ﻣ 9.8)وﻓѧﻲ اﻟﻄѧﻴﻦ (  ﻣѧﻢ 9.9)ﻓѧﻲ اﻟѧﺴﻠﺖ : و آﺎن ﻧﻤﻮ ﻗﻄﺮ اﻟﻌﻨﻖ اﻟﺠѧﺬري آﺎﻟﺘѧﺎﻟﻲ (. ﺳﻢ  9.52)
وﻓѧﻲ (  غ2.92)و ﻓﻲ اﻟﻄﻴﻦ (  غ 8.63)اﻟﺴﻠﺖ :  وزن اﻟﺸﺘﻠﺔ آﺎﻟﺘﺎﻟﻲ وآﺎن ﻧﻤﻮ (. ﻢﻠ ﻣ 3.7)و ﻓﻲ اﻟﺮﻣﻞ ( ﻢﻠ ﻣ 2.8)
  (.  غ3.81)و ﻓﻲ اﻟﺮﻣﻞ (  غ8.12)اﻟﺪﺑﺎل 
أي أن اﻟﻘѧﻴﻢ اﻷﻋﻠѧﻰ ﻟﻠﻤﻌѧﺎﻳﻴﺮ اﻟﻤﺪروﺳѧﺔ آﺎﻧѧﺖ ﻓѧﻲ  آﺎن ﻧﻤﻮ ﻏﺮاس دﻗﻦ اﻟﺒﺎﺷﺎ ﻣﺘﻨﺎﺳѧﺐ ﻣѧﻊ ﺣﺠѧﻢ اﻟﻜѧﻴﺲ   
(. ﺳѧﻢ ٠٢×٠١و ٣١×٨)ﺼﻐﻴﺮة و اﻟﻘѧﻴﻢ اﻷدﻧѧﻰ آﺎﻧѧﺖ ﻓѧﻲ اﻷآﻴѧﺎس اﻟѧ (  ﺳѧﻢ ٠٤×٠٣ و ٠٣×٠٢)اﻷآﻴﺎس اﻟﻜﺒﻴﺮة 
، 4.07: ﻓﻘѧﺪ آѧﺎن ﻣﺘﻮﺳѧﻂ ﻃѧﻮل اﻟﻤﺠﻤѧﻮع اﻟﺨѧﻀﺮي اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ اﻟﻜﺒﻴѧﺮة إﻟѧﻰ اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
و آѧѧﺎن ﻣﺘﻮﺳѧѧﻂ ﻃѧѧﻮل اﻟﻤﺠﻤѧѧﻮع اﻟﺠѧѧﺬري اﻋﺘﺒѧѧﺎرا ﻣѧѧﻦ اﻟﺤﺎوﻳѧѧﺔ اﻟﻜﺒﻴѧѧﺮة إﻟѧѧﻰ اﻟﺤﺎوﻳѧѧﺔ .  ﺳѧѧﻢ3.14و  2.05، 4.06
 آѧﺎن ﻣﺘﻮﺳѧﻂ ﻗﻄѧﺮ اﻟﻌﻨѧﻖ اﻟﺠѧﺬري اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ و.  ﺳѧﻢ4.13و  5.94، 6.93، 4.05: اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ
، 4.14: وآѧﺎن ﻧﻤѧﻮ وزن اﻟѧﺸﺘﻠﺔ آﺎﻟﺘѧﺎﻟﻲ . ﻢﻣﻠѧ  1.01و  6.9 ، 75.7، 5.6: اﻟﻜﺒﻴѧﺮة إﻟѧﻰ اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
  . غ 7.01 و 1.91، 6.03
آﻤﺎ أﻇﻬﺮت اﻟﻨﺘѧﺎﺋﺞ أن اﻟﻨﻤѧﻮ اﻷﻓѧﻀﻞ ﻟﻐѧﺮاس اﻟﻬѧﺸﺎب آѧﺎن ﻓѧﻲ وﺳѧﻂ اﻟﻄѧﻴﻦ و آѧﺎن اﻟﻨﻤѧﻮ ﻣﺘﻮﺳѧﻄﺎ ﻓѧﻲ 
  :ﻓﻘﺪ آﺎن ﻧﻤﻮ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮي آﺎﻟﺘﺎﻟﻲ. اﻟﺴﻠﺖ واﻟﺮﻣﻞ و آﺎن أﻗﻞ ﻧﻤﻮ ﻟﻪ ﻓﻲ اﻟﺪﺑﺎل
و آѧѧﺎن ﻧﻤѧѧﻮ (. 4.14)و ﻓѧѧﻲ اﻟѧѧﺪﺑﺎل (  ﺳѧѧﻢ6.54)و ﻓѧѧﻲ اﻟﺮﻣѧѧﻞ (  ﺳѧѧﻢ1.94)و ﻓѧѧﻲ اﻟѧѧﺴﻠﺖ (  ﺳѧѧﻢ2.16)ﻓѧѧﻲ اﻟﻄѧѧﻴﻦ 
و ﻓѧﻲ اﻟѧﺪﺑﺎل (  ﺳѧﻢ 5.84)و ﻓѧﻲ اﻟѧﺴﻠﺖ (  ﺳѧﻢ 7.84)وﻓﻲ اﻟﺮﻣﻞ (  ﺳﻢ 8.84)ﻓﻲ اﻟﻄﻴﻦ : ﻤﺠﻤﻮع اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ اﻟ
و ﻓѧﻲ اﻟﺮﻣѧﻞ ( ﻢﻠѧ ﻣ 8.4)وﻓѧﻲ اﻟѧﺴﻠﺖ ( ﻢﻠѧ  ﻣ4.7)ﻓѧﻲ اﻟﻄѧﻴﻦ : و آﺎن ﻧﻤﻮ ﻗﻄﺮ اﻟﻌﻨﻖ اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ(. ﺳﻢ  7.72)
وﻓѧﻲ (  غ4.4)و ﻓѧﻲ اﻟﺮﻣѧﻞ (  غ 3.01)ﻄѧﻴﻦ اﻟ: وآﺎن ﻧﻤﻮ وزن اﻟѧﺸﺘﻠﺔ آﺎﻟﺘѧﺎﻟﻲ (. ﻢﻠ ﻣ 4.4)و ﻓﻲ اﻟﺪﺑﺎل ( ﻢﻠ ﻣ 8.4)
  (.  غ3)و ﻓﻲ اﻟﺪﺑﺎل (  غ9.3)اﻟﺴﻠﺖ 
أي أن اﻟﻘѧﻴﻢ اﻷﻋﻠѧﻰ ﻟﻠﻤﻌѧﺎﻳﻴﺮ اﻟﻤﺪروﺳѧﺔ آﺎﻧѧﺖ ﻓѧﻲ  آѧﺎن ﻧﻤѧﻮ ﻏѧﺮاس اﻟﻬѧﺸﺎب ﻣﺘﻨﺎﺳѧﺐ ﻣѧﻊ ﺣﺠѧﻢ اﻟﻜѧﻴﺲ  
(.  ﺳѧﻢ 02×01 و 31×8)و اﻟﻘѧﻴﻢ اﻷدﻧѧﻰ آﺎﻧѧﺖ ﻓѧﻲ اﻷآﻴѧﺎس اﻟѧﺼﻐﻴﺮة (  ﺳﻢ 03×02 و 04×03)اﻷآﻴﺎس اﻟﻜﺒﻴﺮة 
، 6.04:  ﻣﺘﻮﺳѧﻂ ﻃѧﻮل اﻟﻤﺠﻤѧﻮع اﻟﺨѧﻀﺮي اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ اﻟﻜﺒﻴѧﺮة إﻟѧﻰ اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ ﻓﻘѧﺪ آѧﺎن
و آѧѧﺎن ﻣﺘﻮﺳѧѧﻂ ﻃѧѧﻮل اﻟﻤﺠﻤѧѧﻮع اﻟﺠѧѧﺬري اﻋﺘﺒѧѧﺎرا ﻣѧѧﻦ اﻟﺤﺎوﻳѧѧﺔ اﻟﻜﺒﻴѧѧﺮة إﻟѧѧﻰ اﻟﺤﺎوﻳѧѧﺔ .  ﺳѧѧﻢ7.75و  8.35، 2.34
ﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ و آѧﺎن ﻣﺘﻮﺳѧﻂ ﻗﻄѧﺮ اﻟﻌﻨѧﻖ اﻟﺠѧﺬري اﻋ .  ﺳѧﻢ7.14و  6.65، 3.45، 5.13: اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ
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 و 4، 5.6 ، 5.7: وآﺎن ﻧﻤﻮ وزن اﻟﺸﺘﻠﺔ آﺎﻟﺘѧﺎﻟﻲ . ﻢﻣﻠ 5.4و  1.5 ، 6.5، 6: اﻟﻜﺒﻴﺮة إﻟﻰ اﻟﺤﺎوﻳﺔ اﻟﺼﻐﻴﺮة آﺎﻟﺘﺎﻟﻲ
  .غ 3
آﻤﺎ أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن ﻧﻤﻮ اﻟﻤﻌﺎﻳﻴﺮ اﻟﻤﺪروﺳﺔ زاد ﺑﺎزدﻳﺎد ﺣﺠﻢ اﻷآﻴﺎس اﻟﻤﺴﺘﺨﺪﻣﺔ أي أن اﻟﻘѧﻴﻢ اﻷﻋﻠѧﻰ   
و اﻟﻘѧѧﻴﻢ اﻷدﻧѧѧﻰ آﺎﻧѧѧﺖ ﻓѧѧﻲ اﻷآﻴѧѧﺎس (  ﺳѧѧﻢ٠٣×٠٢ و ٠٤×٠٣)س اﻟﻜﺒﻴѧѧﺮة ﻟﻠﻤﻌѧѧﺎﻳﻴﺮ اﻟﻤﺪروﺳѧѧﺔ آﺎﻧѧѧﺖ ﻓѧѧﻲ اﻷآﻴѧѧﺎ 
ﻓﻘѧﺪ آѧﺎن ﻣﺘﻮﺳѧﻂ ﻃѧﻮل اﻟﻤﺠﻤѧﻮع اﻟﺨѧﻀﺮي اﻋﺘﺒѧﺎرا ﻣѧﻦ اﻟﺤﺎوﻳѧﺔ اﻟﻜﺒﻴѧﺮة إﻟѧﻰ (. ﺳѧﻢ٠٢×٠١و ٣١×٨)اﻟѧﺼﻐﻴﺮة 
و آѧﺎن ﻣﺘﻮﺳѧﻂ ﻃѧﻮل اﻟﻤﺠﻤѧﻮع اﻟﺠѧﺬري اﻋﺘﺒѧﺎرا ﻣѧﻦ .  ﺳѧﻢ 3.24و  9.44، 85، 7.56: اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
و آﺎن ﻣﺘﻮﺳﻂ ﻗﻄﺮ اﻟﻌﻨﻖ اﻟﺠѧﺬري .  ﺳﻢ14و  5.14، 5.54، 3.85: ة إﻟﻰ اﻟﺤﺎوﻳﺔ اﻟﺼﻐﻴﺮة آﺎﻟﺘﺎﻟﻲاﻟﺤﺎوﻳﺔ اﻟﻜﺒﻴﺮ
وآѧﺎن ﻧﻤѧﻮ وزن اﻟѧﺸﺘﻠﺔ . ﻢﻣﻠѧ  1.5و  8.5 ، 8.6، 6.7: اﻋﺘﺒﺎرا ﻣﻦ اﻟﺤﺎوﻳѧﺔ اﻟﻜﺒﻴѧﺮة إﻟѧﻰ اﻟﺤﺎوﻳѧﺔ اﻟѧﺼﻐﻴﺮة آﺎﻟﺘѧﺎﻟﻲ 
  . غ 3.6 و 5.9، 8.41 ، 2.12: آﺎﻟﺘﺎﻟﻲ
ﻓﻘﺪ .  اﻟﻤﺪروﺳﺔ آﺎﻧﺖ أآﺒﺮ ﻓﻲ وﺳﻂ اﻟﻄﻴﻦ ﻣﻨﻬﺎ ﻓﻲ اﻷوﺳﺎط اﻷﺧﺮى آﻤﺎ أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن آﻞ اﻟﻤﻌﺎﻳﻴﺮ 
و ﻓѧﻲ (  ﺳﻢ25)و ﻓﻲ اﻟﺪﺑﺎل (  ﺳﻢ 2.95)و ﻓﻲ اﻟﺴﻠﺖ (  ﺳﻢ 7.56)ﻓﻲ اﻟﻄﻴﻦ : آﺎن ﻧﻤﻮ اﻟﻤﺠﻤﻮع اﻟﺨﻀﺮي آﺎﻟﺘﺎﻟﻲ 
و ﻓѧﻲ اﻟﻄѧﻴﻦ (  ﺳѧﻢ 8.35)وﻓﻲ اﻟﺴﻠﺖ (  ﺳﻢ 06)ﻓﻲ اﻟﺮﻣﻞ : و آﺎن ﻧﻤﻮ اﻟﻤﺠﻤﻮع اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ (.  ﺳﻢ 83)اﻟﺮﻣﻞ 
وﻓѧﻲ اﻟѧﺴﻠﺖ ( ﻢﻠѧ  ﻣ8.7)ﻓѧﻲ اﻟﻄѧﻴﻦ : و آﺎن ﻧﻤﻮ ﻗﻄﺮ اﻟﻌﻨﻖ اﻟﺠﺬري آﺎﻟﺘﺎﻟﻲ(. ﺳﻢ  6.52)و ﻓﻲ اﻟﺪﺑﺎل (  ﺳﻢ5.34)
و ﻓѧﻲ (  غ6.71)اﻟﻄﻴﻦ : وآﺎن ﻧﻤﻮ وزن اﻟﺸﺘﻠﺔ آﺎﻟﺘﺎﻟﻲ(. ﻢﻠ ﻣ6.5)و ﻓﻲ اﻟﺮﻣﻞ ( ﻢﻠ ﻣ6.5)و ﻓﻲ اﻟﺪﺑﺎل ( ﻢﻠﻣ 5.6)
  (.  غ7.9)و ﻓﻲ اﻟﺪﺑﺎل (  غ1.01)وﻓﻲ اﻟﺮﻣﻞ (  غ6.51)اﻟﺴﻠﺖ 
  .اﻟﻨﻤﻮ اﻷﻋﻠﻰ آﺎن ﻟﻐﺮاس دﻗﻦ اﻟﺒﺎﺷﺎ ﺑﻴﻦ اﻷﻧﻮاع اﻟﻤﺪروﺳﺔ و ﺗﻠﻴﻪ ﻏﺮاس اﻟﻌﺮدﻳﺐ ﺛﻢ ﻏﺮاس اﻟﻬﺸﺎب  
و أن اﻟﻄѧﻴﻦ . أﺧﻴﺮًا أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن اﻷآﻴﺎس اﻟﻜﺒﻴﺮة ﺗﺴﻤﺢ ﺑﺈﻧﺘﺎج ﻏﺮاس أﻧﻮاع ﺷѧﺠﺮﻳﺔ آﺒﻴѧﺮة و ﻗﻮﻳѧﺔ   
 .ﻦ اﻟﺒﺎﺷﺎ ﻓﻲ اﻟﻤﺸﺎﺗﻞﻳﻤﺜﻞ وﺳﻂ ﺟﻴﺪ ﻟﺰراﻋﺔ اﻟﻌﺮدﻳﺐ و اﻟﻬﺸﺎب ﺑﻴﻨﻤﺎ وﺳﻂ اﻟﺴﻠﺖ ﻣﻨﺎﺳﺐ ﻟﺰراﻋﺔ دﻗ
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Chapter 1 
Introduction 
 
Nowadays there is an increasing demand for tree seedlings for afforestation purposes 
in general, but especially for plantation of marginal sites or for specific purposes like: urban, 
roadside, canal side, sand dune fixation, biodiversity, agroforestry, shelter belts etc. For 
planting in these cases, healthy and good quality seedlings are required. It is very necessary 
to look after the nurseries to meet these increasing demands and to control the production 
date and produce large number of seedlings which are obtained by natural regeneration for 
multiple uses. As we know, to acquire huge number of seedlings naturally is limited because 
of many restraints i.e. some trees produce no seeds, others produce dormant seeds which 
couldn't germinate naturally and need special treatments to germinate, other seeds need 
storage in controlled conditions to germinate in future, also competition and adverse field 
conditions may lead to failure of natural stand establishments…etc. In nurseries, seeds are 
subjected to many treatments to overcome the obstacles that prevent seed germination and 
many technological methods are applied to secure seedlings propagation. 
In nurseries, many different gauges, volumes and types of containers are used; the 
choice depends on the seed size, the species of plant being grown, the conditions on the 
outplanting site (use seedlings grown in smaller containers for moist outplanting sites, but 
larger container stock for harsh dry conditions or sites with heavy brush competition), future 
desired size of seedlings, the type of nursery system, space of the nursery and duration of 
seedlings stay in the nursery. Growing tree seedlings in various types of containers is 
becoming common in many parts of the world. In order to grow healthy plants, you need to 
provide the roots with proper soil conditions and adequate space. Because the health of 
leaves, flowers, branches and all other aboveground parts of any plant is dependent upon 
root health. Containers for plant propagation come in various forms, sizes, and in different 
materials-polystyrene, polyethylene, fiber or paper…etc. However, bulky container may 
pose some problems in handling, in needing more volume of substrates- which may be 
expensive, in allocating more space in the nursery and restricting the number of containers 
during transportation.     
Many growing media are used in many nurseries around the world. Selection of a 
growing medium is one of the most important decisions in the culture of container tree 
seedlings. The physical, chemical, and biological characteristics of a growing medium affect 
the seedling growth greatly. Good plant development depends to a large part on the growing 
medium used. Various artificial and natural mixtures have been used in container nursery 
(soil, sand, peat, sphagnum moss, vermiculite, perlite, saw dust, rockwool …etc).  
In this study, three tree species were used to test a hypothesizes that: the container 
sizes and the soil types affect the growth and development of the seedlings raised in 
nurseries; shoot length, root collar diameter, root length, seedling mass are all enormously 
affected. 
  
Objectives 
The objectives of this study were: 
1/ To assess the effect of different container sizes (polythene tubes of dimensions of: 8x13, 
10x20, 20x30 and 30x40 cm) on the growth and development of Tamaridus indica, 
Albizia lebbeck and Acacia senegal in the nursery. 
2/ To assess the effect of different growing media types (sand, clay, silt and humus) on 
growth and development of Tamaridus indica, Albizia lebbeck and Acacia senegal in the 
nursery. 
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Chapter 2 
Literature Review 
 
2-1- Forest tree nursery 
It is an area of earth or plot designed and prepared to produce and to raise various kinds of 
forest tree seedlings for multipurpose uses by many methods (sexual and asexual propagation). The 
aim is to produce large amounts and good quality seedlings in limited areas (AL-Refai, 1996; Amin 
and Ala Aldin, 2005; Goda, 2002). 
 
2-2- Nursery types 
They are divided according to the dimensions of the surface area into: small (surface area not 
exceeding 3 ha); medium (surface area 3-20 ha) and big (surface area > 20 ha) (AL-Refai, 1996). Or 
according to the permanency into: temporary and permanent forest nurseries. 
Small nurseries have small productive capacity not exceeding 1000 seedlings per year. These 
nurseries have small area not exceeding 3 hectares and are located near or within the planting area, 
they are targeted to produce forest seedlings for a few years, mostly less than five years. Little work 
is required for site preparation, but an adequate water supply is essential, if possible by gravitation, 
and only temporary buildings need be established. These nurseries are moved or shut after ending 
site afforestation. 
Permanent forest nurseries are big nurseries established to supply wide afforestation projects 
by forestry seedlings, which extend for long periods. These nurseries contain huge foundations as 
permanent buildings, stores, irrigation installations and roads. Their productive capacity is not less 
than million seedlings per year. Hence these nurseries need big capital investment and qualified 
personnel (AL-Refai, 1996; Evans, 1982; Leloup, 1955; Amin and Ala Aldin, 2005; Goda, 2002). 
Forest tree nurseries may further be divided according to the specialization into: 1/ mixed 
forest nurseries where various species of plants (broadleaved or conifers) are propagated and reared. 
2/ specialized nurseries where only one species is propagated and reared at one time (AL-Hosen and 
Majid-Agha, 1994). 
  
2-3- Location       
The first consideration in selecting the site of nursery, be it a temporary nursery or a 
permanent one, is its location. It should be located in or at least near the area to be planted. The ideal 
nursery site should be level, flat and free from stones. In mountain areas, levelled surfaces may be 
prepared by terracing and by removing the stones, which may be used for holding the terraces. A 
slight slope, preferably in one direction, is desirable. An eastern or northern exposure should be 
chosen; a western and southern exposure should be avoided, as such sites are excessively hot in the 
afternoon. The site should be well protected against wind, and basins enclosed between hills should 
be avoided as they may be subject to frost. Sites where excessive moisture in winter rains 
accumulates should be discarded, unless an adequate drainage system can be installed. The soil of 
the nursery should be a sandy loam of light or medium texture, easy to work, with good drainage 
properties. Run-off from irrigation or rain should be controlled. In normal afforestation work, the 
soil of the nursery serves only as a platform for the pots and containers which are filled with soil 
brought from nearby areas. As a rule this important soil should be as similar as possible to that of 
the area to be planted (Glesinger, 1959; Leloup 1955; Landis et al, 1992; , 1914b; Amin and Ala 
Aldin, 2005).  
Evans (1982) reminded that it is important there must be good access to and within a nursery 
at all times. A continuous water supply for irrigation is usually essential; other services such as 
electricity and telephone are desirable. Where water is not supplied by main services a nursery must 
be sited near a perennial stream. Also, there should be easy access to local labor and the nursery 
manager should be housed within or near the nursery. Commonly, nurseries are sited near 
townships. Local topography is important and ideally the site should be gently sloped (1 to 3°) to 
allow rainwater to run off but not causes erosion. 
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2-4- Nursery design and layout      
Nursery size is mainly determined by three factors: 1/ level of annual plant production 2/ 
method of raising the seedlings 3/ nursery life of seedlings (Leloup, 1955; Evans, 1982; Glesinger, 
1959 and AL-Refai, 1996). A system of roads should be arranged so as to allow trucks and tractors 
to reach every corner of the nursery, when bringing soil or containers, or removing seedlings for 
transportation. Wherever possible, every field should be rectangular. The irrigation system should be 
carefully planned. It may be by gravitation in open ditches, channels or pipes. For larger nurseries it 
is preferable to have water in pipes under pressure, with a complete system of main and secondary 
lines covering the whole nursery. Overhead irrigation by sprinklers offers a convenient method of 
irrigating large fields with the minimum of labor (Glesinger, 1959).  
 
2-5- Infrastructure    
The nursery beds are the basic units of production. Normal bed width ranges between 1 to 1.2 
m. This width can easily be reached by hand from the surrounding paths when replacing or weeding 
operations are carried out. Wide pathways between the beds are necessary to allow easy movement 
of laborers and objects (Evans, 1982). The bed length is unimportant but if machines are used there 
must be space for turning at the end of the bed. For calculation of the bed area a density of 100-200 
bare-rooted seedlings per square meter is used but if the stock is raised in containers then the bed 
area will depend on the container size. 
Nursery beds should be shaded for protection against hail, rain, wind, sun and frost. Small 
seeds are likely to be washed away and small seedlings killed by heavy rain or hail. Small seedlings 
or transplants, after pricking out in nursery beds, need protection from sun or severe frost. Where 
tree shade is not available, bamboo or wooden batten shades are provided. In dry hot localities and 
at lower altitudes in dry zones, nurseries are preferably prepared on cooler aspects and where they 
have to be made on hot aspects, some trees are left to provide side shade against the sun. The degree 
of shade needed depends upon the intensity of the sun, and the shades can be made to give 75, 60 or 
50 percent shade, as required. Shades are rolled up whenever shading is not required, e.g on cloudy 
days and in the rains after germination. They are entirely removed when the plants are strong 
enough to tolerate the sun (Glesinger, 1959; Leloup, 1955; Evans, 1982). 
The irrigation system should be carefully planned. It may be by gravitation in open ditches, 
channels or pipes. For larger nurseries it is preferable to have water in pipes under pressure, with a 
complete system of main and secondary lines covering the whole nursery. Overhead irrigation by 
sprinklers offers a convenient method of irrigating large fields with the minimum of labor. 
Buildings should include an office, a cellar for storing seeds, a store for tools, accommodation 
for workers, showers, and a dining room. A small workshop for minor repair would be useful. Sheds 
for tractors, truck, horses or mules may also have to be provided (Leloup, 1955). The nursery must 
always be strongly fenced and wire-netted, where necessary. Fencing should be kept in proper order 
throughout the year (Glesinger, 1959). Protection against winds can be obtained by planting rows of 
trees in the first few years in order to obtain speedy growth (Leloup, 1955). A system of roads 
should be arranged so as to allow trucks and tractors to reach every corner of the nursery, when 
bringing soil or containers, or removing seedlings for transportation. Wherever possible, every field 
should be rectangular. These fields are for growing naked-rooted plants, or for placing the pots or 
tins used for raising balled plants (Leloup, 1955). A large space should be reserved for stocks of pots 
and containers, and another place could be reserved for preparing compost, for drying fruit, and 
extracting seed (Leloup, 1955). 
 
2-6- Equipment and inputs 
2-6-1- Containers 
A nursery container is any receptacle that holds soil, provides drainage and confines plant 
roots. Raising seedlings in containers is becoming more popular particularly in arid and semi arid 
regions, where seedlings are affected by drought and hot weather. The containers are preferred to 
have the following specifications: 1/ light in weight 2/ firm and durable 3/ raw material abundant, 
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cheap and free from chemical damaging to the seedlings 4/ voluminous and of regular shape for 
easy handling. There are different types of containers made from a wide range of materials: 
polythene bags, earthenware pots, concrete pots, tin and canning containers, carton tubes and wood 
or plywood tubes. 
Forest tree seedling containers are produced in a variety of shapes: round, rectangular, 
hexagonal or square in cross-section and most are tapered from top to bottom. Although useful for 
seedling extraction, an extreme taper may be biologically detrimental (Landis, 1990). Containers 
with steady shape should be designed to facilitate filling operations. Circular or concave shapes 
increase the containers’ stability in holding the soil, increase their surface area and are easy to 
handle (AL-Rawi, 1984; Schnelle and Henderson, 1914a). The main disadvantage of such a shape is 
that it leads to circling roots which have difficulty to regain normal growth after transplanting in the 
ground. 
The containers sizes vary extremely from place to the other. The considerations for the choice 
of size may be easy handling and the size of the seedling intended to be produced, it is therefore 
believed that a container with a capacity of 0.6-0.8 liters is convenient. German Nursery Unions 
have limited 2 liters for minimum container size (AL-Rawi, 1984). On the other hand, Richard 
(2006) reported that as the container size increases, plant growth, leaf area and shoot dry weight are 
increased. AL-Rawi (1984) mentioned that, generally speaking, nurseries' managers trend to use 
small containers when selling markets are far from production sites, because transporting of 
seedlings reared in big containers is unsuitable, costly and difficult to handle. Minimizing of 
container size to less than specified would lead to a decrease in seedling growth and may need to 
give the stock more intensive care by frequent watering, weeding, root cutting and adding fertilizers. 
Schnelle and Henderson (1914a) reported that the size of nursery stock will dictate the necessary 
volume of the container. Large plants require equally large containers to prevent stunting of root and 
shoot growth. 
In the Sudan nurseries, containers made from different materials (plastic, metal, pottery, 
cardboard and food cans) with various sizes and shapes are used. Containers from leaves of some 
trees are used especially for raising seedlings of ornamental trees. For afforestation purposes, plastic 
containers are used, the common standard size for eucalyptus seedlings is 10X20 cm. Such bags are 
cheap and easy to handle (Goda, 2002). 
 
2-6-2- Growing media 
The selection of a growing medium is one of the most important decisions in the culture of 
container tree seedlings. The physical, chemical, and biological characteristics of a growing medium 
affect not only seedling growth but also other aspects of nursery operations as well. Container 
nursery managers, therefore, should carefully consider both biological and operational aspects when 
evaluating different types of growing media (Landis, 1990). The purposes of media are to physically 
support the plant and to supply adequate oxygen, water and nutrients for proper root functions 
(Ingram et al, 2003; Pasian, 2001). The plant must be held upright in the medium and the medium 
must be heavy enough to stabilize the container and keep it in an upright position. 
The ideal medium should have the following properties: it must be porous, sterile, lightweight 
(low bulk density), drains well, provides adequate air exchange, holds sufficient water, consistent in 
quality and supplies necessary mineral nutrients and it should be free of disease organisms, insects, 
weed seeds and poisonous products (Ingram, 2003; AL-Rawi and AL-Dori, 1991; EL-Nour, 1980; 
Laurie, 1974; Hince, 1999). Landis (1990) reported that the ideal container media must be 
characterized by: being slightly acidic, having high cation exchange capacity, having adequate 
balance of pore sizes, having a dimensional stability, being durable and easily stored and being 
easily mixed and filled into the containers. 
The most important propagation container media are: 
1/ soil: generally the good soil in this respect is the one with particle fractions of 75% sand, 14 % silt 
and 11% clay. Heavy clay soil ought to be mixed with sand before being used. In some cases the soil 
may need to be sterilized to eliminate diseases and weed seeds. 
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2/ sand: it is very frequently used as growing medium. However seedlings raised in such media need 
frequent watering for fear of dehydration and also need addition of fertilizers for the media are 
intrinsically poor in nutrients. 
3/ peat: it is originated from hydrophytes residues, oozes plants and some degradable sea herbs. Peat 
quality differs according to the kind of plants from which it is originated, degree of degradation, 
content of nutrient elements and acidity. Peat capacity of moisture retention is very big but it is poor 
in nutrients: it contains about 1% nitrogen little phosphorous potassium. 
4/ sphagnum moss: this medium is free from harmful creatures, is light weighted and has a very high 
capacity of moisture retention (can absorb quantities of water equal to 20-30 folds of its weight). 
This medium being originated from acidic oozes plants and containing little nutrient elements is 
poor and so nutrient elements should be added to it when it is used for growing plants to fasten their 
growth. 
5/ vermiculite: it is one of mica salts and it expands with increases in temperature. It consists of 
anhydrate silicates of magnesium, aluminum and iron; it is light in weight and absorbs big quantities 
of water. 
6/ perlite: it is white to gray substance of volcanic origin. It is prepared by crushing the material into 
powder, sieving it and heating it in ovens until moisture within the particles is eliminated and thus it 
is converted into very light spongy granules. This medium can be sterilized by heating it under high 
temperatures (approximately 1800 °F or 982 °C). 
7/ leaf mold: some woody tree leaves are used to prepare this growing media. It can be supported 
and enriched by addition of soil and fertilizers to it. The material is moistened and prepared to 
degradation it must be covered in the meantime during the winter by thick cloth to avoid nitrogen 
loss. The stuff is ready for use as a planting medium after 12-18 months. The disadvantages of this 
medium are that it contains weed seeds and nematodes and so it must be sterilized before using. 
9/ saw dust: residues of tree barks and wood dust can be used in preparing growing media after it’s 
degradation by mixing it with the soil. The disadvantage of this media is that it degrades slowly and 
needs long period before utilizing it. 
10/ rockwool: it is manufactured from a mineral called basalt through heating and fiber extrusion 
process. Although rockwool is utilized primarily for insulation, it can be utilized as a rooting 
medium by itself or in combination with other ingredients such as peat, bark, and perlite to make a 
soilless growth medium (Diver and Greer, 2001; AL-Rawi and AL-Dori, 1991; Ingram et al, 2003). 
In Sudan, media most commonly used are sand, river alluvium and a mixture of sand and clay 
(1 sand: 1 clay by volume). Soil mixtures with different organic residues and compost are getting 
used recently; some soils (phytolith) under big trees are used to fill nursery containers in regions 
where there is no river silt. 
  
2-6-3- Fertilizers 
Fertilizer can be applied in various forms as either organic such as animal manure and plant 
residues or inorganic such as urea, phosphate and potassium compounds. When using soil or soil-
based growing media immediate addition of fertilizers may not be needed because the residual 
fertility of the substrate can give the seedlings sufficient nutrients at that moment. However, with 
most soil-less substrates and during the production phase, addition of balanced nutrients to the 
seedlings is necessary (Jaenicke, 1999). The primary fertilization methods are (1) adding soluble 
fertilizers to the irrigation water, and (2) incorporating solid fertilizer into the growing medium. 
Most nurseries inject soluble fertilizer through the irrigation system because it is the easier and more 
accurate way to apply and monitor mineral nutrition (Landis et al, 1992). The organic components 
improve the physical structure of the substrate by reducing weight and increasing its water-holding 
properties. They are also resilient to compaction. Organic matter has a high CEC and can store 
nutrients until needed by the plants. Some organic materials such as compost contain considerable 
amounts of nutrients (Jaenicke, 1999). In addition, organic colloids have huge buffering capacity 
leading to pH stability, which is very important in the plants growth. 
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2-6-4- Seedling regeneration and propagation 
Seedling propagation in the nursery is carried out either through seed sowing or vegetative 
methods. Seed propagation is the most common means of producing seedlings. This method has 
many advantages: plants grown from seed are inexpensive; seed propagation is simpler and easier 
than vegetative propagation; plants grown from seeds often grow faster than those produced from 
cuttings and it is easier to import and export seeds than vegetative material or whole plants. 
Four major ways are used to produce plants from seeds: 1/ direct seeding: seeds can be sown 
directly into containers or seedbeds. Some seeds need pre-sowing treatment as chilling or 
stratification, which consists of keeping seeds under a cool moist environment for a specified period 
of time; 2/ planting germinants: here seeds are pre-germinated and the germinants are sown directly 
into the containers. This technique is particularly helpful with seeds that require long or variable 
cold moist stratification treatments; seeds from large-seeded species and seeds from lots of variable 
quality; 3/ transplanting emergents: this method involves growing seedlings to the primary leaf stage 
and then transplanting them to containers (often called a pricking out). Transplanting emergents 
works best for seeds that have complex dormancy, are small in size or come from lots of variable 
quality; 4/ transplanting seedlings: today, transplanting is again growing in popularity because of the 
demand for larger seedlings with more fibrous root systems. Transplants are more expensive to 
produce than seedlings, but this expense can usually be justified under the new "free-to-grow" 
reforestation regulations that mandate quick establishment and growth. 
Vegetative propagation is asexual reproduction of plants and it permits to produce plants that 
contain the exact genetic characteristics of their parents. Many methods and techniques are used to 
propagate plants (Fretz et al, 1979; Hartmann and Kester, 1983; Ingram, 2004; Leloup, 1955; AL-
Refai, 1996): 1/ cutting: it is a portion taken from either stems, leafs or roots from a parent plant, 
which, when placed under favorable environmental conditions can form roots and/or shoots, 
resulting in progeny identical to the parent; 2/ layering: layering involves forcing a part of the stem 
to form adventitious roots while still attached to the parent plant. The method has several biological 
advantages and it is especially valuable when propagating threatened and endangered plants because 
there is little risk to the donor; 3/ tip layering: this traditional technique consists of bending a side 
shoot or branch over until it can be held in place and covered with growing medium or mulch. 
Rooting of the buried section is naturally stimulated by the interruption of the normal basipetal 
translocation of photosynthates that accumulate near the bend and by the exclusion of light. Cultural 
procedures that encourage rooting in stem cuttings, such as the use of hormones and wounding also 
hasten the formation of roots in the buried stem section (Hartmann et al, 1997; Garner, 1958); 4/ 
mound (stool) layering: this method involves inducing roots to form on stern or root sprouts. Mound 
or "stool" layering consists of planting a rooted cutting and allowing it to become established. 
Before growth starts the following spring, the top of the shoot is severed just above the ground line, 
stimulating new sprouts to form. When the sprouts reach 8 to 13 cm, sawdust or soil is mounded 
over them and they are kept moist until the end of the season. By this time, roots have formed on the 
sprouts, which are then cut off as close as possible to the base and used as rooted cuttings (Hartmann 
et al, 1997; Garner, 1958). Mound layering has recently been modified for large container 
production of Arizona sycamore and other riparian trees in New Mexico (Dreesen and Harrington, 
1997). Although these species can be grown from seed, mound layering quickly produces the large 
l9 to 76 liters container-plants that are needed for riparian restoration projects; 5/ serpentine layering 
or the intermittent burying of long shoots (Ganver, 1958); 6/ air layering: it consists basically of 
producing a plant from aerial branches which remain in position while rooting. Essentially the 
treatment is to injure or girdle a shoot and surround the wound with moist material until roots are 
put forth, then the rooted shoot is severed from the parent and established as a new individual. The 
moist medium for rooting is usually sphagnum moss (Ganver, 1958); 7/ suckers: they are plants 
which arise from roots horizontally up to the soil surface. Suckering is an important method to 
propagate some plants. Suckers can be further stimulated by top severe pruning for dormant buds 
(Denisen, 1958; AL-Refai, 1996); 8/ grafting: it is propagating plants that are difficult or virtually 
impossible to reproduce by other vegetative techniques. Grafting and budding involve joining two 
genetically distinct plants so that they unite to continue growth as a single plant. This method is 
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rarely used in forestry. There are several types for the grafting: in budding (bud grafting): a detached 
bud of the desired variety is placed under the bark of a seedling tree. In a few weeks, the bud shield 
and the seedling heal together then the bud of the desired variety grows to produce the new tree, 
which is genetically like the parent tree from which the bud was taken and which produces fruit true 
to the variety; in grafting: a short section of a shoot taken from a tree of the desired variety is 
inserted into a limb or trunk of a seedling tree (Garner, 1958); 9/ micropropagation (Tissue culture): 
it is a special type of asexual propagation where a very small piece of tissue (shoot apex, leaf 
section, or even an individual cell) is excised (cut-out) and placed in sterile (aseptic) culture in a test 
tube, petri dish or tissue culture container containing a special culture medium (AL-Refai, 1996; 
Reed, 2005). 
 
2-7- Silvicultural operations in the nursery 
2-7-1- Sowing 
 Before sowing the viability of the seed stock must be tested by a chemical or germination 
test; this procedure economize the amount of seeds to be used for sowing and save much of the 
efforts incase there was a germination failure. Hard coated seeds are pretreated to break dormancy. 
Many methods are used for treating the seeds, these include: soaking in cold or hot water; corroding 
by acids (H2SO4); scarification by knifes; itching by electrical burning…etc. Sowing seed is one of 
the most important operations carried out in the nursery. Its success or failure may decide whether 
the nursery will be able to supply the required number of plants and whether the afforestation plan 
envisaged will be carried out. Therefore, well prepared seed beds are of the utmost importance to the 
entire work of the nursery. Seeds of all species are not sown at the same time, as the right season for 
sowing varies with the species. All the seeds of species should not be sown at the same time, but at 
intervals of about a week, in order to avoid losses from sudden downpours, and in order to ensure a 
steady supply of seedlings for transplanting (Evans, 1982). Newly sown seeds should be inspected 
to determine if germination is occurring normally and protect seeds from predation by insects, 
worms and birds. Seeds are sown in nursery beds either broadcast or in drills or dibbled. Very small 
seeds are mixed with one or two folds their volume of fine soil, clean sand or wood ash before 
sowing, and are very commonly broadcast rather thickly over the entire surface of the seedbed and 
covered with a thin layer of fine soil, clean sand, wood ash or leaf mould. Small seeds are sown in 
drills 1/2 to 1 inch apart, or touching one another when germination percentage is low or quality of 
seed poor, but when it is intended to prick out young plants in the nursery lines, seeds are sown 
broadcast, evenly spread over the bed and lightly covered with soil. Large seeds are either sown 
individually in drills or they are dibbled at even depth in well-spaced holes made in lines, and are 
properly covered with soil. The depth of soil over the seeds varies with the seed size; generally the 
upper surface of the seedbed is kept at a depth equal to the minimum diameter of the seed but in 
light soil the covering should be rather more. After sowing, the soil of the bed should be 
consolidated lightly with a light wooden roller (Glesinger, 1959). 
 
2-7-2- After care for plants 
The young seedlings must be kept under shade and shelter to protect against adverse 
conditions such as scorching sun and desiccating wind in dry lands. 
Competition from weeds for moisture, nutrients, and light, depress seedling growth, and if not 
controlled can lead to seedling death. Weed control is time consuming and costly but necessary 
except where seedling growth is so fast than weeds do not have time to reach a harmful size, e.g. 
where nursery life is less than 60 days. Weeds growing in containers are best uprooted by hand 
while small so as to cause least disturbance to the seedling. In the humid tropics hand-weeding of 
containers may be needed once a week or fortnight, but less frequently in drier areas (Evans, 1982). 
Glesinger (1959) reminded that seedlings are generally weeded as soon as germination is complete 
and as often as required thereafter. Leloup (1959) reported that cultivation applies only to nursery 
stock grown in the soil. There are two main reasons for cultivating between the rows of plants; to 
reduce competition by removing weed growth, and to keep the soil in good physical condition, thus 
permitting good aeration and absorption of water from rain or irrigation. Weeding paths between the 
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rows of pots or tins is conveniently done by spraying with naphtha or with mineral oils, but great 
care must be taken when spraying between broadleaved nursery stocks, so as not to affect the plants; 
heavy losses may occur if the spray falls on the plants and spraying should be done only on windless 
days. 
If the seedlings are congested and no pricking out is to be done, they are thinned out during 
weeding. This reduces mortality and produces vigorous, healthy plants for early planting (Glesinger, 
1959). 
Seedlings should be watered, if necessary especially in the hot dry weather, daily and for 
several times and longer intervals when seedlings grew up or in cool humid periods. Irrigation by 
percolation or by sprinkling from watering cans with fine roses should be adopted, especially when 
seedbeds and small seedlings are to be watered. The best time for this operation is usually in the 
afternoon, but in case seedlings are particularly liable to suffer from damping off, or where there is 
danger of frost, as on the hills, watering should be done in the morning. Excessive watering should 
be avoided, the beds kept fresh but not wet (Glesinger, 1959). In Sudan, irrigation is done every day 
in the beginning and then decreased gradually to twice a week and then to once a week when 
seedlings are big. Seedlings are moved out of the shaded beds to unshaded beds before two months 
of field planting; this operation is done for hardenning the seedlings (Goda, 2002). 
Roots of plants, raised in containers, which grow into the soil, must be pruned periodically. It 
is advisable to prune the roots, rather than to let them grow into the soil. Potted seedlings whose 
roots feed in the ground grow more quickly and may be distinguished from root-pruned plants by 
their size. As that part of the root growing into the soil must be cut before planting, these seedlings 
will have a disproportionate top/root ratio at planting time. Root pruning should be done on a cool, 
cloudy day, and it should be followed immediately by irrigation. If eucalypts or acacias suffer from 
this operation, slight top pruning may be done in every pot or container (Leloup, 1955). 
Production of healthy seedlings depends on an adequate supply of plant nutrients. Fertilizer 
and/or amendments may be added if necessary before sowing, when the bed is prepared or potting 
mix made up, or sometime after germination when the seedlings are still at the most tender stage 
(Evans, 1982).  
Protection against insect, animals and birds damages: seedlings are generally protected against 
damage by insects. It is preferable to use potent insecticides. Domestic grazing animals must be 
excluded from a nursery either by erecting a strong fence around the boundary or having several 
forests guards always on site. Rats and mice may cause damage by eating seeds and digging around 
seedlings. Control is by trapping or laying poison baits. Snails can cause serious defoliation of 
broadleaved seedlings. Seedlings must be protected against birds which eat seed and peck shoots 
(Evans, 1982). 
The nursery stock should regularly be inspected by lifting, sorting, and bundling the seedlings. 
During execution of these operations, plants should not be pulled out as it injures their roots, except 
when they are removed for making into stumps, in which case they are ordinarily pulled up from the 
bed. Plants with naked roots are first sorted, and all misshapen, badly grown plants or plants with 
distorted or injured roots are rejected and discarded. The accepted plants are tied in bundles of 50 or 
100 and the roots moistened by dipping in a bucket of puddle clay and water. The bundles are then 
covered with damp moss moist grass or green leaves and carefully packed with the same material in 
bamboo or wicker baskets, ready for dispatch to the planting site (Glesinge, 1959). The packed 
bundles of plants should be carried to the planting site. The baskets containing the bundles of plants 
are carried by men or loaded on pack animals or by vehicles. 
 
2-8- Nursery management and data compilation 
An essential part of nursery management is planning the production schedules and data 
collection and analysis of information as nursery calendars, plant development registers, nursery 
inventories and records of nursery experiments. These are needed for both production management 
and research (Leloup, 1955; Glesinge, 1959; Evans, 1982; Jaenicke, 1999). The types of records and 
the methods of information collection and storage will vary considerably with the type, size, and 
complexity of the nursery. The types of records kept at a nursery fall into two general categories: 
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financial and production records, and cultural records. Financial records are kept to account for 
expenditures, to control the budget, and to provide the records necessary for improving procedures 
for conducting business in the future. Financial records also are kept to meet governmental 
requirements (including tax purposes) and as aids in obtaining credit (Landis et al, 1994). Cultural 
records are maintained to provide a plan for duplicating successful crops and give an accounting that 
can be used in (a) determining the cause of errors in the culture of the crop, (b) deciding on action 
taken on the current crop, and (c) making plans to avoid problems with future crops (Nelson, 1991; 
Landis et al, 1994).  
 
2-9- Studied species 
2-9-1- Tamarindus indica (L.)  
Family: Leguminosae; subfamily: casealpinioideae, syn. caesalpiniaceae; English name: 
Tamarind, Indian date; Arabic name: Aradeib. 
Botanical description: evergreen tree that can grow up to 30 m high. A dense, compact, dark 
green, rounded crown allows it to be recognized at a distance. It becomes deciduous in more arid 
regions, which is the case in many parts of Sudan. The foliage and fruits are slightly acidic in taste; 
fruit consists of an indehiscent pod which contains 1-10 dark brown seeds surrounded by brown 
acidic pulp. This species occurs mainly near khors and valleys in Sudan. It is thought to be 
originally from Madagascar but has become naturalized all over semi-arid Africa and Asia. More 
recently, T. indica has been introduced to America and Australia, and is being cultivated 
commercially in Florida and California. 
This species is used for fuel wood, charcoal, amenity, forage, shade, honey, timber, fruit, 
medicine, dye (yellow), tannins, dune control, shelterbelt, pesticide, agroforestry and hedging. It is a 
true multi-purpose tree, with a relatively slow growth rate being its sole disadvantage. Despite being 
difficult to work (often splits on drying and blunts tools), the high quality wood is used in all types 
of carpentry and turnery work, e.g. for making poles and rafters for buildings, and for furniture, 
wheels, huts, and agricultural tools. The wood provides quality fire wood and charcoal, but the trees 
are generally considered more valuable for their fruit. It is an important shade and amenity tree, 
although not recommended for agroforestry purposes (few other plants can grow in conditions 
created by its heavy shade and acidic leaf litter). It provides an extremely attractive ornamental 
crown. It is an important forage source. The pods are a marketable resource in most countries, the 
pulp being used for cooking, chutneys and drinks, and occasionally as a silver or brass polish. The 
leaves and flowers can be eaten, for example in salads; flowers are also good for honey production. 
Seeds are edible and can be boiled, or peeled and then roasted. Many medicinal applications have 
been recorded; it is almost universally known as a laxative wherever it is grown, and can also be 
used to treat diarrhea, venereal diseases, and infections of the gums and eyes (Voget, 1995). 
This species requires rainfall about 400 to 1500 mm. Even less rainfall is required if it occurs 
where there is a high water table, such as in riverine sites. It tolerates most soil types but prefers 
deep, alluvial, well-drained soils as it has very deep roots. It can take some salinity but can't 
withstand waterlogging. This species can grow at higher altitudes in a sufficiently warm climate 
from zero to 1500 m. T. indica can not tolerate frost, but will survive in very high temperatures and 
is easily propagated. Seeds should be cleaned and removed from the pods as soon as possible to 
avoid insect infestation. Germination is highest (up to 90%) when sown fresh. Seeds remain viable 
for at least a year. Of the various seed treatments, the simplest is to soak the seeds in water for 24 
hours prior to sowing. Germination is rapid, starting after 7 days and continuing for up to 3 weeks. 
After an initial growth spurt, the seedling growth rate soon levels out; seedlings are ready for 
planting after 18 weeks (Voget, 1995).  
     
2-9-2- Albizia lebbeck (L.) Benth  
Family: Leguminosae; subfamily Mimosoideae, syn. Mimosaceae; English name: Women’s 
tongue, East Indian walnut, Siris, Kokko; Arabic name: Dign el basha, Lebbek. 
Botanical description: in the Sahel, this tree can generally reach only 5-15 m in height. With 
good rain fall, however, it will grow to 30 m. The bark is easily recognizable, being grey with large 
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reddish lenticels. The leaves are bipinnate and about 20 cm long, with a prominent gland near the 
base. The flowers are greenish yellow with many pale green filaments and are fragrant and arranged 
in pedunculate globose heads. In the dry season the tree is typically covered in straw-colored 
glabrous pods measuring up to 30 cm in length, which remain there for a long time and make a 
rattling noise when the wind blows. A. lebbec originates from India and South East Asia but it has 
now been introduced into many parts of the tropics. Although it is not regarded as a particularly 
drought-tolerant tree, it does do well in many parts of the Sahel.  
This species may be used as firewood, charcoal, amenity, dune control, fodder, shade, 
shelterbelt, gum, timber, pesticide,soap, fruit, medicine, hedging and in agroforestry. In the Sahel 
this species is mainly used as a shade and ornamental tree. In wetter areas it is used for shelterbelts 
or for intercropping with various agricultural crops such as tea and coffee; under these more humid 
conditions, nitrogen fixation takes place. The foliage can be used as a green manure or for mulching. 
The leaves, flowers and pods are all used for fodder. The gum from the tree can substitute as an 
inferior gum Arabic. The finely pounded bark can be used as soap. Medicinal uses are reported to 
include treatment for boils from the flowers, and treatments for diarrhea, dysentery, haemorrhoids 
and leprosy from other parts of the tree. 
This species requires about 600-2500 mm rainfall, but will grow on less rainfall areas with 
irrigation or a high water table. The tree withstands short period of drought (a few month), and 
indeed prefers a period without water for 2-6 months of the year. A. lebbeck prefers black cotton, 
heavy, clay-type soils, which are neutral to slightly alkaline, but can also grow on sandy or lateritic 
soils. The tree is fairly salt tolerant, withstanding up to 0.11% salt. It is shallow rooting. This species 
can tolerate high temperatures as long as there is sufficient water. Propagation can be by cuttings but 
is more common from seed. Seeds will remain viable for several years but require fumigation prior 
to storage. One kilogram contains 8000-10000 seeds/kg. Pre-treatment is necessary and is best done 
by soaking the seeds in boiling water and allowing to cool for 24 hours. This will give about 40% 
germination. Seed should be sown in the shade and germination occurs after about 5 days. Seedlings 
should be moved into the sun after about 2.5 months and the total time required in the nursery is 
about 5 month (Voget, 1995).      
 
2-9-3- Acacia senegal (L.)Wild 
Family: Leguminosae; subfamily Mimosoideae, syn. Mimosaceae; English name: Gum 
Arabic, three thorned acacia; Arabic name: Hashab, Alloba.  
Botanical description: a shrub or small tree approaching 8 m in height and renowned for its 
gum Arabic. This Acacia species is most readily distinguished by its black thorns: these occur in 
groups of 3 (not in pairs like most others Acacia species), with the two side thorns curved upwards 
and the middle one curved downwards, and measuring roughly 0.5 cm in length. The inflorescence 
is made up of creamy white, axillary spikes. Pods are 7-10 cm long, light brown, and papery. This 
species is typically associated with the Sahel zone, it occurs from the Red Sea to Senegal. Different 
varieties are also found in East and Southern Africa. It has been introduced and naturalized in Asia. 
The species is used for gum production, dune control, charcoal, fuelwood, Honey, timber, 
fodder, fruit, medicine, agroforestry, hedging, amenity, shade, shelterbelt, Pesticide…etc. 
Commercial gum Arabic is derived from A.senegal; however, the recently revised specifications 
extended the designation of gum arabic to gums from A. senegal, A. seyal, A. laeta, A. mellifera and 
A. polycantha. It is used as part of a crop rotation in Sudan’s “Gum belt”: trees are tapped during the 
dry season, felled at the start of cropping, and then allowed to regenerate before being tapped again. 
Whilst trees are regenerating, crops can be grown between them. Gum trees are not tapped for the 
first 5 years of growth, then tapped for 10-15 years, cut after 15-20 years, and finally allowed to 
regenerate. The wood from felled trees is used for firewood, charcoal and for local building 
purposes. This species is also used for soil stabilization, hedging (live and dead), and making ropes 
from the roots and barks. Seeds can be dried and preserved for use as a vegetable for human 
consumption. Reported medicinal uses include as a treatment for colds, stomach aches, diarrhoea, 
haemorrhages, constipation, and syphilis. It is also used as an aphrodisiac. In agroforestry, it 
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reportedly helps to reduce infestation of susceptible crops, especially sorghum, by the parasitic 
striga (plant) species.  
This species requires about 300-700 mm rainfall on average; 300-450 mm on sands and 450 
mm on clays and Prefers sandy soils. It also grows on loamy sands and in places of higher rainfalls 
on clays. It is found in altitudes ranging from zero to -1700 m a.s.l. A. senegal tolerates very high 
temperatures but it is frost sensitive. Propagation is possible by direct seeding although this method 
is not commonly practiced, possibly due to the high level of initial protection required. Most 
production takes place in nurseries. They can be sown directly into unshaded pots without any pre-
treatment. Germination usually starts after 3 days and is complete within a week. One kilogram 
contains 8000-10000 seeds/kg (Voget, 1995).      
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Chapter 3 
 
Materials and Methods 
 
3-1- The Nursery site 
The study was conducted in the nursery of the Faculty of Forestry, University of 
Khartoum, Shambat (Latitude 15º 39′ N, Longitude 32º 30′ E). It included in testing of 
seedlings of three tree species raised in different container sizes and soil types. The area is 
part of the arid and semi-arid region receiving very little rainfall < 175 mm yr-1. The nursery 
is located on the eastern banks of the River Nile and it is surrounded by farms and wood lots, 
which render the microclimatic conditions of the area cooler and more humid than the drier 
inlands. 
 
3-2- Materials   
3-2-1- Seeds: three tree species were used in this experiment, namely Tamarindus indica L. 
(Arabic name: Aradeib), Albizia lebbeck (L.) Benth (Arabic name: Dign el basha) and 
Acacia senegal (L.) Wild. (Arabic name: Hashab). The seeds of the species were obtained 
from the National Tree Seed Center at Soba, Forestry Research Station. Pretreatments were 
applied to the seeds to enhance germination by breaking the seed coat so as to facilitate 
water entrance. T. indica seeds were treated by conc. sulfuric acid for 30 minutes and the 
seeds of A. senegal were treated by soaking in boiling water for 10 minutes. Seeds of Albizia 
lebbeck were not pretreated by any means because they germinate readily.  
3-2-2- Containers: consisted of black cylindrical polythene bags, closed at one end, acquired 
from the local market. Four sizes were selected with reference to the tube size (10x20 cm) 
routinely used in the Sudanese nurseries for raising afforestation stocks; they included the 
following dimensions measured when flat and empty: 
(1) The smaller container: 8×13 cm; 
(2) The second smaller container:  10×20 cm;   
(3) The second bigger container:  20×30 cm;  
(4) The bigger container: 30×40 cm. 
The containers were perforated before use; the holes (about 8 pierces made by a needle) were 
distributed all around the tubes and up to the limit of three quarters of their length.  
3-2-3- The growing substrates: they consisted of three soil types and organic matter: 
(1) Sandy soil: brought from the River Nile bank. 
(2) Clay soil: brought from Shambat site, where the soil type is classified as vertisols (typic 
montmorillonitic grum ustert haple orthod). 
(3) Silty soil: collected from the River Nile banks (a site locally referred to as Gerf). This 
soil type is locally named as “Goureira” which is routinely used in the Sudanese nurseries for 
raising seedlings and for making bricks. It is one of the most fertile soils, perhaps at global 
standards and it is annually renewed by the Nile flooding.  
(4) Humus: consisted of organic matter collected from under Mango trees at the garden of 
the Horticulture Department of the Faculty of Agriculture, Shambat. It  is an opportunity to 
test the suitabity of this material for nursery pot-fill and raising tree seedlings as there is 
abundant amount of it and easily accessible to forest nurseries; in many places forest 
nurseries and fruit tree orchards are often located adjacent to each other. 
 
3-3- Experimental design and layout 
 Two factors were studied; container sizes (four sizes) and substrates (3 mineral soils 
and humus) and they were applied to three tree species (Tamarindus indica, Albizia lebbeck 
and Acacia senegal). 1200 polythene containers were used. Each species was raised in 25 
bags from the four container dimensions. Hence, each growing medium contained 75 bags 
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from the four container-size categories. The tubes and the substrates were displaced in a 
split-split plot design i.e each growing medium was placed in a separate nursery bed and the 
different container-size categories were placed randomly together in the bed. The nursery 
beds had the dimensions of 2.18 m × 1 m × 0.1 m, surrounded by concrete slabs (walls) and 
had a cement floor to avoid water mixing or seepage. The nursery beds themselves were 
covered by a roof imparting 50% shade under it. Seed sowing for T. indica and A. lebbeck 
was carried out on 8/3/2006 by planting 2 to 3 seeds into the polythene bags and thinly 
covered with the fine sand; A. senegal was sown on 22/4/2006 i.e about a month late from 
the two other species. Watering was done daily or twice a day when necessary and later 
weekly and fortnightly when the seedlings grew bigger; the water used for irrigation 
throughout the experiment was the normal tap water originating from the River Nile. Water 
was sprayed from above by a container equipped with douche sprayer. Other silvicultural 
operations including weeding, seedling lifting and root cutting were carried out as routinely 
run in the Sudanese nurseries. The seedlings were thinned to one plant per polythene bag and 
the thinned seedlings were used to beat-up the ones failed to germinate. 
 
3-4- The parameters measured           
Parameters measurements started after two months from sowing date for T. indica 
and A. lebbeck, while for A. senegal began after one month. For assessment of root 
dimensions and seedling weight five seedlings were withdrawn from each container-size 
category and from each substrate type, monthly as from (July 2006). The monitoring of the 
experiment lasted for 8 months. The parameters measured were: 
(1) Shoot length by a measuring tape; 
(2) Root length by a measuring tape; 
(3) Root collar diameter measured by a vernier; 
(4) Shoot and root weights: after separation each part was weighed wet by a sensitive 
balance to the nearest two decimal points and placed in an oven at 60-70 °C for 72 hours and 
their dry weights recorded; 
(5) Ratios for shoot to root lengths and weights were calculated and total seedling weight 
was also worked out. 
 
3-4- Laboratory analysis for the substrates 
Soil samples were air dried and sieved through a 2mm mesh. Then the following 
parameters were determined for each soil type: 
(1) Particle size distribution was obtained by using the modified hydrometer method (Day, 
1965), and the textural classes were assigned according to the American System (USDA 
monograph, 1975); 
(2) pH was measured by a pH meter (equipped with a combined electrode) in a soil paste 
(soil/water = 1:5); 
(3) Electrical conductivity (ECe) was measured by an Electrical Conductivity meter; 
(4) Exchangeable elements (Ca, Mg, Na, K) were extracted by using 0.05N HCl + 0.025N 
H2SO4 and analyzed by atomic absorption and flame photometer; 
(5) Nitrogen (total) was determined by macro kjeldhal method (Pearson, 1970); 
(6) Phosphorus was determined by spectrophotometer using NaHCO3 method (Chapman and 
Pratt, 1961); 
(7) Organic carbon was determined by Walkley and Black method and the organic matter 
equaled: organic carbon x 1.72. 
 For the humus the following were determined by the same methods as described 
above: contents of Ca, Mg, K, Na, N, P and organic carbon.  
  
3-5- Statistical analysis of data 
 Data from intermediate readings of growth parameters were processed by excel 
software and presented into temporal variation curves. While the final measurements of the 
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parameters were subjected to Analysis of Variance (ANOVA) by SAS (2004) program and 
the significant differences between the means of the treatments were assigned according to 
Duncan Multiple Range Test in a PC computer. 
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Chapter 4 
Results and Discussion 
 
4-1- Characterization of the growing media 
Used growing media were: Sand, clay, silt, humus (mango litters obtained from 
orchard of agriculture faculty). Their main physical and chemical properties are shown in 
Table 1. Used sand contained high sand particle and about 11.1% silt and high content of 
clay (20.2%), it is a poor growing media. Used clay and silt have identical content of 
particles. All growing media have neutral pH. Sand and silt media are free of salinity, but 
clay is slightly saline. Sand media is very poor in exchangeable Ca+Mg and silt tended to be 
poor and the clay is more or less adequate. 
Exchangeable sodium and SAR (Sodium Absorption Ratio) values are low in sand 
and silt. However they are slightly higher in clay which might induce soil structure 
deterioration and affect plant growth. 
Sand has the lowest content of sodium and the silt has sodium content more than the 
sand, but clay has high sodium content which might cause soil structure deterioration and 
affect plants growth. Sand and silt are very poor in organic matter (less than 1%); its content 
in clay is approximately 2%. Nitrogen content is very poor in all media. Phosphorus content 
in all media is poor, but better than nitrogen content. The nutrient content and OC (organic 
carbon) of the humus medium including N and P are low (Table 1). Hence, in general it is a 
poor substrate. Generally, used sand was very poor in nutrients and it is  porous  medium 
which retained water for short periods. Only clay, silt and humus were relatively richer than 
sand in nutrients and had a higher water holding capacity. 
 
Table 1: Some physical and chemical properties of used growing media 
Particle size 
distribution 
Exchangeable elements Type 
of 
media Sand 
(%) 
Silt 
(%) 
Clay 
(%) 
SP 
 
pH ECe 
(dS/m)
Ca+Mg 
(mmol+/l) 
Na 
(mmol+/l) 
SAR 
Sand 68.7 11.1 20.2 25.6 7.7 0.4 2.5 2.5 2.24 
Silt 46.5 10.7 42.8 54.2 7.5 1.0 4.5 5.5 3.67 
Clay 43.2 11.1 45.7 57.9 7.5 5.0 24.0 26.0 7.51 
 
Table 1: Continued 
Type of 
media 
O.C. 
(%) 
O.M. 
(%) 
N 
(%) 
P 
(mg/l) 
P 
(%) 
Na 
(mm+l/1) 
Ca 
(%) 
Mg 
(%) 
Sand 0.06 0.1 0.01 2.7 - - - - 
Silt 0.3 0.52 0.01 6.1 - - - - 
Clay 0.96 1.66 0.01 4.6 - - - - 
Humus 0.66 1.14 0.15 - 0.28 0.4 1.25 0.9 
 
4-2- Effects of growing media and containers sizes on growth of Tamarindus indica 
4-2-1- Temporal development of shoot length in the various growing media and 
containers 
  In the sand medium, shoot length growth of Tamarindus indica seedlings in the 
different containers (Reference dimensions of polythene bags routinely used in the Sudan are 
10×20 cm) after three months from sowing was almost identical; the divergence of growth 
rates in containers started there after (Figure 1a). Seedlings growth rates in the two bigger 
containers continued to be very closely, with that of the smaller containers slightly higher at 
a parallel rate. The average monthly increment of seedlings growth in these containers was 
about 3 cm. Seedling growth in the biggest container proceeded steadily upwards until the 
sixth month (September measurements) with a mean increment of about 8 cm per month. 
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From the sixth month on wards seedling growth rate in this container (30×40 cm) has 
stabilized at a fixed rate without noticeable increment. In the second biggest container 
(20×30 cm) seedling growth rate followed the pattern describes for the biggest container but 
at a lower parallel level. However, there was a sharp increment of growth in the last month, 
so that the average seedling heights coincides in these two container sizes. No plausible 
reason could be given to this irregular behavior of seedling growth in these containers, but it 
is worth to mention that irrigation was not regular as from September due to shortage of 
water and there was pulses of dry winds at the end of rainy season. 
In the clay growing medium, T. indica seedling length development was almost 
identical in all the container sizes up to the fifth month from sowing. In the rest of the period, 
seedlings length growth was very close in the two smaller containers with about 6 cm length 
increment per month. Seedling growth in the bigger container continued with strong vigour 
so that length increment was double (12 cm) that of the smaller containers. Seedling growth 
in the second larger container was irregular, with declines and increase, especially in the 
latter month (Figure 1b). 
 In the silt medium, seedling growth was similar to that found in the clay medium. In 
all the containers, seedlings grew to the same average height until the fifth month. During the 
rest of the period, their growth rate proceeded almost identically (Figure 1c). In the bigger 
container, seedling length growth, departed from that in the three smaller containers and with 
ever increasing increments (about 10 cm length increase per month). 
In the humus medium, seedling growth in the three smaller containers went on with 
almost the same rate until the fifth month. After that time, seedling growth in the second 
bigger container was distinct from the two smaller containers at a higher rate. Seedling 
growth in the smaller container showed some irregularities i.e an increase and a decline in 
sometimes. This Phenomenon was also observed in the sand medium; it seems that these two 
media are sensitive to water shortage especially when irrigation is not regular with long 
water addition intervals, so that seedlings are stressed and take time to resume growth 
normally. Seedling length growth in the biggest container was distinctly higher than in the 
smaller containers and proceeded upwards with large increments. A decline in seedling 
growth occurred during September- October coinciding with shortage of irrigation supplies 
and dry winds after the rainy period (Figure 1d). 
In the smaller container sizes (8×13 cm), variation of seedlings length growth 
appeared since the third month from sowing date. Seedling growth in the sand and humus 
media was lowest as compared to that in silt and clay media. Besides, seedling growth rates 
in sand and humus were very close to each other. Seedling growth rates in the clay medium 
was the fastest with about average 8 cm increment per month. Seedling growth in the silt 
medium was parallel, at a lower rate, to that in the clay medium (Figure 2a). 
 Seedling growth development pattern in the selected media and for 10×20 cm tube 
was very similar to that outlined for the 8×13 cm tube (Figure 2b). The only noticeable 
exception is that, seedlings growth rate in silt increased so that their average height was 
identical to that in the clay medium.   
 In the second large container (20×30 cm) temporal development of T. indica 
seedlings height was almost the same in all the growing media till the fourth month from 
sowing date. In the fallowing months seedling growing rate was very close, even identical, in 
the sand, silt and humus media. In the clay medium seedling growth in length started to be 
distinct from that in the other media since the third month from the sowing date. First with 
gentle rates of increment and later with fast big increments between month; however there 
was a considerable growth depression towards the seventh month from sowing, coinciding 
with shortages in water supplies and commencement of dry season as mentioned earlier 
(Figure 2c). 
 In the biggest container, little differences in the seedling growth rates was observed 
in all the growing media until the fourth months. Generally the lowest growth rates of the 
seedlings was in sand and the faster rates were observed in clay medium. In silt and humus 
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media seedling growth rates were half way between those in sand and clay as the lowest and 
highest rates. Even though in the last month of observations, average seedling heights in 
humus and clay became identical (Figure 2d). 
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Figure 1a: Shoot height development of Tamarindus indica in sand 
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Figure 1b: Shoot height development of T. indica in clay 
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Figure 1c: Shoot height development of T. indica in silt 
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Figure 1d: Shoot height development of T. indica in humus 
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Figure 2a: Shoot height development of T. indica in container with size 8×13 cm 
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Figure 2b: Shoot height development of T. indica in container with size 10×20 cm 
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Figure 2c: Shoot height development of T. indica in container with size 20×30 cm 
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Figure 2d: Shoot height development of T. indica in container with size 30×40 cm 
 
4-2-2- Temporal development of root length in the various growing media and 
containers 
 In the sand medium, T. indica root growth in the three smaller containers went on 
with almost the same rate until the fifth month from sowing. After that time, root growth in 
the second bigger container distincted from the two smaller containers at a higher rate and in 
the eighth month root length became identical; root growth here showed some irregularities 
by increase and decline. Root growth in the two small containers went on with almost the 
same rate until the sixth month from sowing. After that time, root growth in the second 
smaller container distincted from the smallest one at a higher rate and in the next month 
decline in root growth happened whereas identical length were observed there after. Root 
growth in the biggest container was distinct from that in the three smaller containers and 
proceeded upwards with large increments especially in the fifth and eighth month from 
sowing (Figure 3a). 
In the clay growing medium, root growth development was almost identical in the 
smaller container and the second big container up to the seventh month from sowing, after 
that time root growth in the second bigger container distincted from the smaller container at 
a higher rate (Figure 3b). Root growth in the biggest container was irregular, with declines 
and increases. Also root growth in the second smaller container showed the same behaviour. 
Root growth in the two containers mentioned latter were affected by shortage in water 
supply.   
In the silt growing medium, root growth development was almost identical in the two 
smaller containers up to the eighth month from sowing. And root growth in the two bigger 
containers was identical up to the fifth month from sowing and after that time, decline in 
growth happened with high decrease in the second bigger container (30×20 cm) more than in 
the biggest one then continued upwards until eighth month with high increment about 20 cm 
and after that decline in growth happened. Root growth in the container (20×30 cm) showed 
some irregularities by increase and decline for two times (Figure 3c). Root growth in the two 
big containers, were affected by shortage in water supply. 
In the humus medium, root growth in the two biggest containers went on with almost 
the same rate until the fifth month from sowing. After that time, root growth in the biggest 
container distincted with a low rate, after that decline in growth occurred until eighth month 
from sowing. But root growth in the second bigger container proceeded upwards with almost 
steady increments (about 5 cm). Root growth in the two smaller containers showed identical 
growth in general (Figure 3d).         
In the smaller container (8×13 cm), root length in sand started to increase till the fifth 
month. After that time, the growth stabilized until the seventh month from sowing date, then 
increased with an increment of about 23 cm. Root length in clay went on with almost the 
same rate till the seventh month, then the growth increased with an increment about 8.9 cm. 
Root length in the silt grew up increasingly with 5.3 cm increment per month. Root growth 
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in humus showed the lowest growth rate as compared to that in sand, silt and clay media. 
Generally, the root growth in sand, clay and silt substrates seemed to be almost similar 
(Figure 4a). 
In the container (10×20 cm) root growth in humus showed the lowest growth as 
compared to that in sand, silt and clay media (Figure 4b). Root growth in sand, clay and silt 
showed irregularity, but the growth in sand increased more than in the other media, probably 
because the sand is loose and does not hamper root penetration and also roots extend in this 
poor medium searching for water and nutrients. 
In the second larger container (20×30 cm) root growth in clay and humus went on 
with almost the same rate until the seventh month from sowing. After that time, root growth 
in the clay distincted from the humus at a higher rate (about 20 cm). Root growth in the sand 
and silt media showed irregularities, but in the eighth month from sowing root growth in the 
sand was the biggest (Figure 4c). 
In the biggest container (30×40 cm) generally the lowest growth rates of the root was 
in humus medium and the fastest rates was observed in sand medium. In silt and clay media 
root growth rates were half way between those in sand and humus as the lowest and highest 
rates (Figure 4d). 
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Figure 3a: Root length development of T. indica in sand 
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Figure 3b: Root length development of T. indica in clay 
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Figure 3c: Root length development of T. indica in silt 
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Figure 3d: Root length development of T. indica  in humus 
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Figure 4a: Root length development of T. indica in container with size 8×13 cm 
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Figure 4b: Root length development of T. indica in container with size 10×20 cm 
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Figure 4c: Root length development of T. indica in container with size 20×30 cm 
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Figure 4d: Root length development of T. indica  in container with size 30×40 cm 
 
4-2-3- Temporal development of shoot dry weight in the various growing media and 
containers 
In the sand growing medium, T. indica shoot dry weight growth in the two smaller 
containers was almost identical up to the eighth month from sowing without any noticeable 
difference between them it seems that there was a decline of seedlings weight from the forth 
month to the sixth month, but small weight built-up started there after. Shoot dry weight 
growth in the biggest container was distinct from the beginning, and grew up with high 
increment about 1 gram per month (Figure 5a). Rate of shoot dry weight growth in the 
second biggest container (20×30 cm) followed the pattern described for the biggest container 
but a lower parallel level. Seedlings in these containers lost some of their weight during the 
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seventh month, of about 1 gram in the container 20×30 cm but they resumed building up 
their mass there after. 
In the clay growing medium, T. indica shoot dry weight development was almost 
identical in the two smaller containers almost throughout the monitoring period. Shoot dry 
weight development in the biggest container excelted that in the smaller containers and with 
high increasing increments (about 5 grams increase per month) as from month sixth. Shoot 
dry weight growth in the second biggest container (20×30 cm) showed some irregularities 
during the early months, but proceeded with the rate about 2 gram increase per month at the 
end of the measuring period (Figure 5b).   
In the silt growing medium, Shoot dry weight growth in the two smaller containers 
was almost identical up to the end of the measuring period with sharp weight increases 
during the last month of assessment period (Figure 5c). Shoot dry weight growth in the 
second bigger container (20×30 cm) showed some irregularities by increase and decline 
during the early months, but proceeded steadily upwards at the end. Shoot dry weight 
growth in the biggest container (30×40 cm) was distinct from all the other containers at a 
higher rate and a progressive weight built up (about 1 gram per month).       
 In the humus medium,  Shoot dry weight growth in the containers was very similar to 
that outlined for the silt medium. The only noticeable exception is that, shoot dry weight 
growth in the biggest container has stabilized during the fifth and seventh months then grew 
up with high increments after that (Figure 5d).    
In the smaller container (8×13 cm) shoot dry weight growth in the sand, silt and 
humus grew to same average weight until the fifth month from sowing. During the rest of 
the period, shoot dry weight growth rate in the silt became distinct from the sand and humus. 
In sand, humus media shoot dry weight growth was almost identical. In the clay medium, the 
growth rate of shoot dry weight was the biggest and with about 1 gram increment per month 
(Figure 6a).   
 In the (10×20 cm) and (20×30 cm) containers shoot weight development pattern in 
the different growing media was almost very similar to that outlined for the smaller 
container, i.e low weight increment in sand, silt and humus, but very high weight built up in 
the clay medium(Figure 6b) and (Figure 6c).   
  In the biggest container (30×40 cm) shoot dry weight growth in all growing media 
was identical until fifth month from sowing, and after that time shoot dry weight growth in 
the  clay medium was distinct from that in the other media and proceeded upwards with large 
increments about 3 grams per month (Figure 6d). Shoot dry weight growth in sand, silt and 
humus media proceeded with identical rate until the end of measuring period. 
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Figure 5a: Shoot dry weight development of T. indica in sand 
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Figure 5b: Shoot dry weight development of T. indica in clay 
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Figure 5c: Shoot dry weight development of T. indica in silt 
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Figure 5d: Shoot dry weight development of T. indica  in humus 
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Figure 6a: Shoot dry weight development of T. indica in container with size 8×13 cm 
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Figure 6b: Shoot dry weight development of T. indica in container with size 10×20 cm 
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Figure 6c: Shoot dry weight development of T. indica in container with size 20×30 cm 
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Figure 6d: Shoot dry weight development of T. indica  in container with size 30×40 cm 
4-2-4- Temporal development of root dry weight in the various growing media and 
containers 
 In the sand medium, T. indica root dry weight growth in the two smaller containers 
went on with almost the same rate until the eighth month from sowing. Root dry weight built 
up in the biggest container went on with high increments about 2 grms until the eighth month 
from sowing. Root dry weight built up in the second bigger container fell half- way between 
that of the two smaller containers and the biggest container (Figure 7a). 
In the clay growing medium, root dry matter built up in the biggest container began 
with a low increasing and stabilized between the fifth and the sixth months from sowing 
date, and after that went on with high increments nearly about 2.5 grams per month. In the 
second bigger container root dry matter built up started with a lower parallel level to that 
described for the biggest container with one exception in the sixth month (with higher dry 
weight than in the biggest container). In the second smaller container root dry matter built up 
showed some irregularities by increase and decline. In the smaller container 
 root dry matter built up stabilized between the fifth month and the seventh month   and after 
that went on with high increasing rate (Figure 7b). 
 In the silt growing medium, root dry matter built up was almost     identical in the 
two smaller containers up to the eighth month from sowing date. Root dry weight growth in 
the biggest container went on with increments almost about 0.8 grams per month, it showed 
the biggest rate as compared to that in the other media. Root dry weight growth in the second 
bigger container (20×30 cm) showed some irregularities by increase and decline (Figure 7c).  
  In the humus medium, root dry matter built up in the three smaller containers went on 
with almost the same rate until the seventh month from sowing date. After that time, root dry 
matter built up in the second bigger container departed that of the smaller containers with a 
high rate (Figure 7d). Root dry matter built up in the biggest container proceeded upwards 
with almost steadily increments about (0.3 g) and showed the biggest rate as compared to 
that in the other media..  
In the smaller container size (8×13 cm) root dry matter built up in sand and clay 
media went on with almost the same rate until the seventh month from sowing date. After 
that time, root dry matter built up in the clay distincted from the sand at a higher rate about 
3.3 grams per month. Root dry matter built up in silt medium continued to be very closely to 
that in sand and clay but at slightly lower at a parallel rate. Root dry matter built up in the 
humus showed the lowest rate as compared to that in the other media (Figure 8a). 
 In the container (10×20 cm), root dry matter built up in the clay medium showed the 
biggest rate as compared to that in sand, silt and humus media. Root dry matter built up in 
the sand and silt media was almost identical with a rate less than that in the clay. Root dry 
matter built up in the humus showed the lowest rate as compared to that in the other media 
(Figure 8b). 
 In the second larger container (20×30 cm), root dry matter built up in the sand and 
clay growing media went on with almost the same rate all along the monitoring period. 
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During months seventh there was weight decline in the sand medium, but the seedlings 
resumed weight built up soon after. Root dry matter built up in the silt and humus media 
went on with almost the same rate until the sixth month from sowing date (Figure 8c). After 
that time, the rate of built up in the silt was distinct from the humus at a rate about 1gram per 
month. 
  In the biggest container (30×40 cm), root dry matter built up in the silt, clay and 
humus growing media went on with almost the same rate until the sixth month from sowing 
date. After that time, the rate of dry matter built up in the clay distincted from the silt and 
humus at a higher rate with about 2.5 grams increment per month. Root dry matter built up in 
the sand medium showed the biggest rate as compared to that in clay, silt and humus media 
(Figure 8d).  
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Figure 7a: Root dry weight development of T. indica in sand 
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Figure 7b: Root dry weight development of T. indica in clay 
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Figure 7c: Root dry weight development of T. indica in silt 
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Figure 7d: Root dry weight development of T. indica  in humus 
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Figure 8a: Root dry weight development of T. indica in container with size 8×13 cm 
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Figure 8b: Root dry weight development of T. indica in container with size 10×20 cm 
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Figure 8c: Root dry weight development of T. indica in container with size 20×30 cm 
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Figure 8d: Root dry weight development of T. indica  in container with size 30×40 cm 
 
4-2-5- Final assessment of some measured growth parameters of T. indica in the 
different container sizes and different growing media 
 These analyses belong the last observations which were taken after eight month from 
sowing date, the measured growth parameters are: shoot length, root length, root collar 
diameter, shoot dry weight, root dry weight, seedling dry weight, wet shoot wet root ratio, 
dry shoot dry root ratio, shoot length root length ratio.  
Final assessments data in the different growing media are presented in Table 2. These 
assessments were made for all the container sizes taken together. 
 For the shoot length there were significant differences between shoot length in the 
sand and other growing media, and there were significant differences between shoot length 
in the clay and other growing media, but there were no significant differences between shoot 
length in the silt and the humus growing media. The highest value was recorded for the clay 
(72.8 cm) and the lowest value was recorded for the sand (36.3 cm). On the other hand, the 
shoot length in the clay substrate gave the biggest value in mean, it was about 1.1 folds more 
than the shoot length in silt substrate, and about 1.4 folds more than the shoot length in 
humus substrate, and about 2 folds more than the shoot length in sand substrate, and the 
shoot length in the silt substrate was about 1.5 folds more than the shoot length in sand 
substrate, and the shoot length in the humus substrate was about 1.5 folds more than the 
shoot length in the sand substrate. 
For the root length there were significant differences between root length in the sand 
and other growing media except the silt substrate, and there were significant differences 
between root length in humus and other growing media, but there were no significant 
differences between root length in the clay and the silt growing media. The highest value 
was recorded for the sand (73.3 cm) and the lowest value was recorded for the humus (23.2 
cm). On the other hand, the root length in the sand substrate gave the biggest value in mean, 
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it was about 1.5 folds more than the root length in clay substrate, and about 3.2 folds more 
than the root length in humus substrate, and the root length in the silt substrate was about 2.4 
folds more than the root length in humus substrate, and the root length in the clay substrate 
was about 2.1 more than the root length in humus substrate.        
 
Table 2: Some growth parameters of T. indica seedlings raised in different growing media 
Growing 
media 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter (mm) 
Shoot dry 
weight (g) 
Sand 36.3c 73.3a 4.8cb 3.1b 
Clay 72.8a 49.3b 7.2a 10.6a 
Silt 56.2b 56.6 ba 5.0b 4.1b 
Humus 53.9b 23.2c 4.2c 3.0b 
 
Table 2: Continued 
Growing 
media 
Root dry 
weight (g) 
Seedling dry 
weight (g) 
Shoot length/ 
root length ratio 
Shoot dry 
weight/ root 
dry weight 
ratio 
Sand 4.4a 7.5b 0.6c 0.7c 
Clay 4.9a 15.5a 1.7b 2.1a 
Silt 2.8b 6.9b 1.2b 1.7b 
Humus 1.2c 4.3c 2.6a 2.4a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
        
For the root collar diameter there were significant differences between root collar 
diameter in the clay and other growing media, and there were significant differences between 
root collar diameter in the silt and other growing media except the sand substrate, but there 
were no significant differences between root collar diameter in the humus and the sand 
growing media. The highest value was recorded for the clay (7.2 mm) and the lowest value 
was recorded for the humus (4.2 mm). On the other hand, the root collar diameter in the clay 
substrate gave the biggest value in mean, it was about 1.4 folds more than the root collar 
diameter in the silt substrate, and about 1.5 folds more than the root collar diameter in sand 
substrate, and about 1.7 folds more than the root collar diameter in the humus substrate, and 
the root collar diameter in the silt substrate was about 1.2 folds more than the root collar 
diameter in humus substrate. 
For the shoot dry weight there were significant differences between shoot dry weight 
in the clay and other growing media, but there were no significant differences between shoot 
dry weight in the silt, humus and the sand growing media. The highest value was recorded 
for the clay (10.6 g) and the lowest value was recorded for the humus (3 g). On the other 
hand, the shoot dry weight in the clay substrate gave the biggest value in mean, it was about 
2.6 folds more than the shoot dry weight in the silt substrate, and about 3.4 folds more than 
the shoot dry weight in sand substrate, and about 3.5 folds more than the shoot dry weight in 
the humus substrate, but there are no significant differences between shoot dry weight in the 
sand and silt and humus. 
For the root dry weight there were significant differences between root dry weight in 
the clay and other growing media except the sand substrate, and there are significant 
differences between root dry weight in the sand and in the silt, humus growing media, and 
there are significant differences between root dry weight in the silt and in the humus, but 
there are no significant differences between root dry weight in the sand and clay. The highest 
value was recorded for the clay (4.9 g) and the lowest value was recorded for the humus (1.2 
g). On the other hand, the root dry weight in the clay substrate take the biggest value in 
mean, it was about 1.8 folds more than the root dry weight in the silt substrate, and about 4.1 
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folds more than the root dry weight in humus substrate, and the root dry weight in the sand 
substrate were about 1.6 folds more than the root dry weight in silt substrate, and about 3.7 
folds more than the root dry weight in humus substrate, and the root dry weight in the silt 
substrate were about 2.3 folds more than the root dry weight in humus substrate. 
For the seedling dry weight there were significant differences between dry seedling 
weight in the clay and other growing media, and there were significant differences between 
dry seedling weight in the sand and in the humus growing media, and there were significant 
differences between dry seedling weight in the silt and in the humus, but there were no 
significant differences between dry seedling weight in the sand and silt. The highest value 
was recorded for the clay (15.5 g) and the lowest value was recorded for the humus (4.3 g). 
On the other hand, the dry seedling weight in the clay substrate gave the biggest value in 
mean, it was about 2.1 folds more than the dry seedling weight in the sand substrate, and 
about 2.2 folds more than the dry seedling weight in silt substrate, and about 3.6 folds more 
than the dry seedling weight in humus substrate, and the dry seedling weight in the sand 
substrate were about 1.7 folds more than the dry seedling weight in humus substrate, and the 
dry seedling weight in the silt substrate were about 1.6 folds more than the dry seedling 
weight in humus substrate. 
For the shoot length/root length there were significant differences between shoot 
length/ root length in the humus and other growing media, and there were significant 
differences between shoot length/root length in the sand and in the other growing media, but 
there were no significant differences between shoot length/root length in the clay and in the 
silt growing media. The highest value was recorded for the humus (2.6) and the lowest value 
was recorded for the sand (0.6). On the other hand, the shoot length/root length in the humus 
substrate gave the biggest value in mean, it was about 1.5 folds more than the shoot 
length/root length in the clay substrate, and about 2.2 folds more than the silt substrate, and 
about 4.3 folds more than the sand substrate, and the shoot length/root length in the clay 
substrate were about 2.8 folds more than the shoot length/root length in sand substrate, and 
the shoot length/root length in the silt substrate about 2 folds more than the shoot length/root 
length in sand substrate. 
For the shoot dry weight/root dry weight there were significant differences between 
shoot dry weight/root dry weight in the humus and other growing media except the clay 
substrate, and there were significant differences between dry shoot dry weight/root dry 
weight in the clay and in the other growing media except the humus substrate, and there were 
significant differences between shoot dry weight/root dry weight in the silt and in the other 
growing media. The highest value was recorded for the humus (2.4) and the lowest value 
was recorded for the sand (0.7). On the other hand, the shoot dry weight/root dry weight in 
the humus substrate gave the biggest value in mean, it was about 1.4 folds more than the 
shoot dry weight/root dry weight in the silt substrate, and about 3.4 folds more than the sand 
substrate, and the shoot dry weight/root dry weight in the clay substrate were about 1.2 folds 
more than the shoot dry weight/root dry weight in silt substrate, and about 3 folds more than 
the shoot dry weight/root dry weight in sand substrate. 
Final assessments of growth parameters in the different containers are presented in 
Table 3, appendix 1. 
 
Table 3: Some growth parameters of T. indica seedlings raised in various containers sizes 
Container 
sizes 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter (mm) 
Shoot dry 
weight (g) 
8×13   cm 44.6 c 47.7 b 4.4c 3.1c 
10×20 cm 41.1c 42.9 b 4.6c 3.1c 
20×30 cm 60.9b 51.2ba 5.7b 6.3b 
30×40 cm 68.6a 68.5a 6.4a 8.0a 
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Table 3: Continued 
Container 
sizes 
Root dry 
weight (g) 
Seedling 
dry weight 
(g) 
Shoot length/ 
root length 
ratio 
Shoot dry weight/ 
root dry weight 
ratio 
8×13 cm 2.7c 5.8c 1.3a 1.3b 
10×20cm 2.2c 5.3c 1.3a 1.6a 
20×30cm 3.7b 10b 1.6a 1.9a 
30×40cm 5.3a 13.3a 1.7a 1.9a 
Means with the same letter are not significantly different at p ≥ 0.05, the significance differences were assessed 
by Duncan multiple range test. 
 
For the shoot length there were significant differences between shoot length in the 
biggest container (30×40 cm) and the other containers, and there were significant differences 
between shoot length in the second bigger container (20×30 cm) and other containers, but 
there were no significant differences between shoot length in the two smaller containers 
(8×13 cm) and (10×20cm). The highest value was recorded for the biggest container (68.6 
cm) and the lowest value was recorded for the second smaller container (41.1 cm). On the 
other hand, the shoot length in the bigger container (30×40 cm) gave the biggest value in 
mean, it was about 1.1 folds more than the shoot length in the second bigger container, and 
about 1.7 folds more than the shoot length in the second smaller container (10×20cm), and 
about 1.5 folds more than the shoot length in the smaller container (8×13 cm), and the shoot 
length in the second bigger container (20×30cm) was about 1.5 folds more than the shoot 
length in the second smaller container (10×20cm) and about 1.4 folds more than the shoot 
length in the smaller container (8×13 cm).        
For the root length there were significant differences between root length in the 
biggest container (30×40 cm) and the two smaller containers, but there were no significant 
differences between root length in the two bigger container, also there were no significant 
differences between root length in the two smaller container, also there were no significant 
differences between root length in the two smaller container and the second bigger 
container. The highest value was recorded for the biggest container (68.5 cm) and the lowest 
value was recorded for the second smaller container (42.9cm). On the other hand, the root 
length in the biggest container gave the biggest value in mean, it was about 1.3 folds more 
than the root length in the smaller container, and about 1.6 folds more than the root length in 
the second smaller container. 
For the root collar diameter there were significant differences between root collar 
diameter in the biggest container and the other containers, and there were significant 
differences between root collar diameter in the second bigger container and the others, but 
there were no significant differences between root collar diameter in the two smaller 
containers. The highest value was recorded for the biggest container (6.4 mm) and the 
lowest value was recorded for the smaller container (4.4 mm). On the other hand, the root 
collar diameter in the biggest container gave the big value in mean, it was about 1.1 folds 
more than the root collar diameter in the second bigger container, and about 1.4 folds more 
than the root collar diameter in the second smaller container, and about 1.5 folds more than 
the root collar diameter in the smaller container, and the root collar diameter in the second 
bigger container was about 1.2 more than the root collar diameter in second smaller 
container, and about 1.3 folds more than the root collar diameter in the smaller container. 
For the shoot dry weight there were significant differences between shoot dry weight 
in the biggest container and the other containers, and there were significant differences 
between shoot dry weight in the second bigger container and the others, but there were no 
significant differences between shoot dry weight in the two smaller containers. The highest 
value was recorded for the biggest container (8 g) and the lowest value was recorded for the 
two smaller containers (3.1 g). On the other hand, the shoot dry weight in the biggest 
container gave the big value in mean, it was about 1.3 folds more than the shoot dry weight 
in the second bigger container, and about 2.6 folds more than the shoot dry weight in the 
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second smaller container and about 2.6 folds more than shoot dry weight in the smaller 
container, and the shoot dry weight in the second bigger container was about 2 more than the 
shoot dry weight in second smaller container, and about 2 folds more than the shoot dry 
weight in smaller container. 
For the root dry weight there were significant differences between root dry weight in 
the biggest container and the other containers, and there were significant differences 
between root dry weight in the second bigger container and the others, but there were e no 
significant differences between root dry weight in the two smaller containers. The highest 
value was recorded for the biggest container (5.3 g) and the lowest value was recorded for 
the second smaller container (2.2 g). On the other hand, the root dry weight in the biggest 
container gave the big value in mean, it was about 1.4 folds more than the root dry weight in 
the second bigger container, and about 2.4 folds more than the root dry weight in the second 
smaller container, and about 2 folds more than root dry weight in the smaller container, and 
the root dry weight in the second bigger container was about 1.7 folds more than the root dry 
weight in second smaller container, and about 1.4 folds more than the root dry weight in 
smaller container. 
For the seedling dry weight there were significant differences between dry seedling 
weight in the biggest container and the other containers, and there were significant 
differences between dry seedling weight in the second bigger container and the others, but 
there were no significant differences between dry seedling weight in the two smaller 
containers. The highest value was recorded for the biggest container (13.3 g) and the lowest 
value was recorded for the second smaller container (5.3 g). On the other hand, the dry 
seedling weight in the biggest container gave the big value in mean, it was about 1.3 folds 
more than the dry seedling weight in the second bigger container, and about 2.5 folds more 
than the dry seedling weight in the second smaller container, and about 2.3 folds more than 
dry seedling weight in the smaller container, and the dry seedling weight in the second 
bigger container was about 1.9 more than the dry seedling weight in second smaller 
container, and about 1.7 folds more than the dry seedling weight in smaller container. 
For the shoot length/root length there were no significant differences between the 
shoot length/root length in all the containers. 
For the shoot dry weight/root dry weight there were significant differences between 
shoot dry weight/root dry weight in the smaller container and the other containers, but there 
were no significant differences between shoot dry weight/root dry weight in the three bigger 
containers. The highest value was recorded for the two bigger container (1.9) and the lowest 
value was recorded for the smaller container (1.3). On the other hand, the shoot dry 
weight/root dry weight in these containers (10×20cm), (20×30cm), (30×40cm) almost gave 
the same value in mean shoot dry weight/root dry weight in the biggest container was about 
1.5 folds more than the shoot dry weight/root dry weight in the smaller container, and the 
shoot dry weight/root dry weight in the second bigger container was about 1.5 folds more 
than the shoot dry weight/root dry weight in smaller container, and the shoot dry weight/root 
dry weight in the second smaller container was about 1.2 more than the shoot dry 
weight/root dry weight in smaller container. 
 
4-2-6- Assessment of Tamarindus indica growth parameters in different media without 
consideration to the container sizes   
The performance of shoot length of T. indica seedlings was in the following order in 
the different media: Clay > Silt > Humus > Sand.  
The performance of root length of T. indica seedlings was in the following order in 
the different media: Sand > Silt > Clay > Humus. 
The performance of shoot dry weight of T. indica seedlings was in the following 
order in the different media: Clay > Silt >  Sand > Humus. 
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The performance of root dry weight of T. indica seedlings was in the following order 
in the different media: Clay > Sand >  Silt > Humus. 
The performance of root collar diameter of T. indica seedlings was in the following 
order in the different media: Clay > Silt >  Sand > Humus. 
The performance of seedling dry weight of T. indica seedlings was in the following 
order in the different media: Clay > Sand > Silt > Humus. 
The performance of dry shoot weight: dry root weight ratio of T. indica seedlings was 
in the following order in the different media: Humus > Clay >  Silt > Sand. 
The performance of shoot length: root length ratio of T. indica seedlings was in the 
following order in the different media: Humus > Clay >  Silt > Sand. 
By examining the summary of the results mentioned above, it is obvious that T. 
indica growth performance is best in the clay medium and poor in the humus medium, and it 
was moderate in silt and sand. However, its root system seems to proliferate best in the 
lighter medium such as sand and silt, which is in accordance with the existing sites and 
growth requirement of this species (Vogt, 1976; Sahni, 1968; Elamin, 1990). 
Shoot length increased with increasing nutrients and water in the substrate used. The 
physical and chemical analysis of the used growing media showed that the clay and the silt 
were richer in nutrient amounts than the humus and the sand. Also the particle size 
distribution showed that the clay and the silt media contained high amounts of small pores 
than humus and sand indicating higher water retention capacity. These characteristics of the 
clay and slit growing media allowed the seedlings to benefit from the available nutrients and 
water in them; with the result of increased photosynthesis that that is used in advantage to 
vegetative shoot growth. The humus did not induce shoot growth comparable to clay and silt; 
it is worth to mention that this material was taken from a mango orchard and it was not 
completely decomposed and contained some fresh litter. Mango foliage and litter contain 
some volatile substances which might be detrimental to juvenile seedlings through what is 
termed as allelopathy effects i.e by suppressing the seedling growth. The medium of sand 
used here has a very high percentage of coarse material, thus it has low fertility both low 
CEC and poor nutrient elements, and low water reserve. But on the contrary it has good 
aeration and water infiltration, and easy penetration of roots. The larger shoot lengths are 
good for planting sites such as urban forests or plantations where the customers often don’t 
want to wait for many years before the function of the trees is realised. Bigger seedlings are 
good in sites which are exposed to damages caused by drought, erosion, wind, animals or 
human beings. They are good for afforestation of weedy sites. 
The results of this study are in agreement with the findings of Kozlowski (1971) who 
reported that moisture control root growth and the root growth is markedly influenced by the 
rooting medium. He found a yearly root elongation of 6-year-old Pinus strobes trees on 
sandy soil averaged 18-20 inches, whereas in clay soil it averaged only 5-10 inches. And he 
reminded that the roots of fruit trees growing in loam extended laterally about twice as far as 
the crown and about one and a half folds on clay and three folds on sand. Feeley (2005) 
mentioned that soils with higher clay content have less extensive roots than soils which are 
sandy or better drained and the roots growing in fertile, moist and well aerated soils will be 
more numerous, less extensive and closer to the trunk than roots in less desirable soil. Roots 
in sandy soils will be more extensive, less fibrous and fewer in number. Pomper et al, (2002) 
found that there was a significant interaction between the main effects of potting substrate 
for shoot and total plant dry weight, but not for root dry weight. Many factors influence 
successful growth of trees in containers as plant material; type of medium; frequency of 
watering and fertilizing (Krizek and Dubik, 1987). McKenzie et al (2001) observed limited 
root growth in soils with high clay contents due to more strength needed to be exerted by the 
plant to penetrate them. 
Soil texture affects root growth by affecting aeration, moisture and density of soil. 
Root growth is maximum in soils high in sand percentage as roots have to explore more 
volume in search of nutrients and ease of growth (Wakeel et al, 2005). He also found that 
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shoot dry matter, root dry matter, total dry matter and root shoot ratio of maize plants grown 
in three soils revealed significant effect on these parameters relative to soil texture classes. 
He observed that, root to shoot dry matter ratio correlated negatively with clay contents 
showing limited root growth in soils having high in clay contents. But, Tilt et al (1987) 
found that Leyland cypress, azalea, and holly growth was greater when smaller particles 
were present in the media. 
A number of soil properties are influenced by soil texture particularly nutrient 
availability and in turn it affects plant growth (Wakeel et al, 2005; Tagar and Bhatti, 1996). 
As Tagar and Bhatti (1996) demonstrated, the soil texture affects plant growth by 
influencing soil aeration, root penetration, water holding capacity and nutrient availability. 
Pot type and soil mix influenced seedling height and weight, jointly as well as separately 
(Funk et al, 1980). 
Soils rich in clays and organic matter contents hold more nutrients than sandy soils 
(Brady, 1974). Leskovar et al (1990) and NeSmith and Duval (1998) reminded that optimal 
transplant root growth depends on favorable soil or media conditions including water, 
fertility, and the physical rooting environment. Transplants with relatively large root systems 
generally suffer less post-plant shock (Weston and Zandstra, 1986). According to Hahne and 
Schuch (2004) sand-grown seedlings had greater root dry weight and root/shoot ratio. 
Funk et al (1980) noted that in a favorable soil moisture situation the correlation between 
plant weight and shoot/root ratio was negative while in a stressful situation the correlation 
was positive. Heavier seedlings generally had lower shoot/root ratios. Gazanchian et al 
(2006) found that low soil water content decreased both root and shoot length, whereas 
root/shoot length ratio increased for all of the species. Etter (1969) mentioned that increased 
shoot growth relative to root growth would result in a poor shoot/root ratio leading to 
unbalanced seedlings dimensions, which in turn may be disadvantageous on a dry 
outplanting site.  
 
4-2-7- Assessment of Tamarindus indica growth parameters in different container sizes 
without consideration to the media types   
The performance of shoot length of T. indica seedlings was in the following order in 
the different container sizes: container 30×40 cm >20×30 cm > 8×13 cm > 10×20 cm. This 
indicates that shoot length increases with increasing container size. Because, large containers 
can take big amounts of growing media, which in turn allows more space and supply the 
seedling with more water and nutrients that are directed to the growth of the shoot. On the 
other hand strong tall seedlings are preferable to short weak ones for many planting 
purposes. Thus for weedy sites larger plants are preferable because they can easily outgrow 
weeds and avoid much of the competition caused by them.  
The performance of root length of T. indica seedlings was in the following order in 
the different container sizes: container 30×40 cm > 20×30 cm > 8×13  cm > 10×20 cm. Root 
length increases with increasing container size; because of increasing of the rooting volume 
(space) which enables roots to develop and extend in the container. Seedlings with deep root 
system are good in areas with adverse environmental conditions, particularly in dry lands. In 
these areas seedlings with a deeper root system have better opportunities to establish and 
survive. 
The performance of root collar diameter of T. indica seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20  cm > 8×13 
cm. Root collar diameter increases with increasing container size; because of increasing 
volume of growing media- including nutrients- which are employed in increasing of plant 
dimensions.  
The performance of shoot dry weight of T. indica seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm = 8×13 
cm. This shows that bigger containers permit shoots to grow strongly and build up the mass.   
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The performance of root dry weight of T. indica seedlings was in the following order 
in the different container sizes: container 30×40 cm > 20×30 cm > 8×13 cm > 10×20 cm. 
The larger containers tended to produce larger root mass and larger root masses are good for 
planting in dry sites.   
The performance of seedling dry weight of T. indica seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 8×13 cm > 10×20  
cm. Seedling dry weight increases with increasing container size; because of increasing 
volume of growing media- including nutrients- which are employed in branching and leafing 
and increasing of plant mass in general.  
The performance of dry shoot weight/dry root weight ratio of T. indica seedlings was 
in the following order in the different container sizes: 30×40 cm = 20×30 > 10×20 cm  
>8×13 cm. This measure gives some indications of the suitability of the nursery stock for 
planting. A small shoot/root ratio indicates a well developed root system relative to the 
shoot, giving the seedlings a better chance to establish and survive under dry sites than a 
seedling with a small root system and with a large top. In humid zones such as humid 
tropical areas with of plentiful water a small shoot/root ratio is not necessarily important 
when raising nursery stocks, because in such conditions the transplanted seedlings will not 
be stressed and so have better chances of survival.  
The performance of shoot length/root length ratio of T. indica seedlings was in the 
following order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm 
 = 8×13 cm. This indicates that shoot length/root length ratio increases with increasing 
container size. 
These results are in agreement with the findings of Landis (1990), Funk et al (1980), 
Kinghorn (1974), Jaenicke (1999) who reported that the shoot, root, and total dry weight as 
well as shoot length increased significantly with increasing container volume, whereas the 
shoot/root ratio was unaffected. Tilt et al (1987) stated that container size has a large affect 
on shoot and root growth. Hanson et al (1987) also found that northern red oak seedling 
biomass was reduced as the volume of the container medium was reduced. Euonymus grown 
in large containers had a higher mean relative growth rate than those grown in smaller 
containers (Dubik et al, 1992). Larger container sizes resulted in an increase in the amount of 
dry matter present in stems of tomato (Kemble et al, 1994) and soybean (Krizek et al, 1985) 
when compared to smaller containers. The consensus is that as container size increases plant 
growth, leaf area, and shoot dry weight are increased (Funk et al, 1980; Richard, 2006; Funk, 
1971; Scarratt, 1972a,b). In general, as cell size increases transplant leaf area, shoot biomass 
and root biomass increases (Cantliffe, 1993; NeSmith and Duval, 1998). Shoot height 
reduction in small containers has been reported for tomato (Peterson et al, 1991), for 
marigold (Tagetes erecra L.) (Latimer, 1991), muskmelon (Cucumis melo var. reticulatus) 
(Maynard et al, 1996) and watermelon (Hall, 1989; Liu and Latimer, 1995). Varying 
container sizes alters the rooting volume of the plants (NeSmith and Duval, 1998). In 
general, as container size increases shoot biomass, root growth rate are also increased 
(Tonutti, 1990). Shoot and root biomass of salvia increased linearly with container volume 
(van Iersel, 1997). Shoot and root biomass were reduced for watermelon transplants as cell 
size decreased but their shoot to root ratio remained constant (Liu and Latimer, 1995). Plants 
grown in larger containers are taller than plants grown in smaller containers (Wu et al, 1998), 
because they grow faster (Van Iersel 1997) due to more space, water and nutrients. Scarratt 
(1972a,b) grew white spruce seedlings in three different volume containers at three different 
growing densities and found that shoot height, stem caliper, and dry weight increased with 
both container volume or spacing. The absolute weights of roots and shoots were clearly 
superior in the large containers as found by Karlsson and Kovats (1974). The larger 
containers are recommended when producing seedlings for drier sites where larger root 
masses are required (Riley et al, 2006). The shoot/root ratio is an important measure for 
seedling survival. It relates the transpiring area (shoot) to the water absorbing area (roots). A 
good ratio lies between 1/1 and 1/2 which indicates a healthy plant (Jaenicke, 1999; Hince, 
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1999). The shoot/root ratio should not exceed 3:1 (dry weight basis) for most species, and is 
a useful indirect measure of the balance between the transpiration surface areas versus water-
absorbing areas (O’Reilly et al, 2002). The shoot/root ratio is a relative comparison of the 
size or weight of the shoot to the root system and is somefolds specified by seedling users to 
match the stock type to conditions on the outplanting site (Jaenicke, 1999). When 
transplanting tree seedlings, water conservation is generally more important than the amount 
of photosynthetic surface areas, a low shoot/root ratio is preferred (Kozlowski and Pallardy, 
1997; Watson and Sydnor, 1987). Jaenicke (1999) and Hince (1999) have mentioned that 
quality seedlings targeted for different sites may look different from each other but they all 
have one thing in common: a well-developed root system. In areas with adverse 
environments, such as dry, flooded, saline or nutrient-deficient sites only well-developed 
plants have a good chance to survival. So for dry areas seedlings with deeper root systems 
are preferred while for weedy sites it is better to grow larger plants which can outgrow 
weeds quickly. Seedling quality increases also with the increase in root collar diameter 
(Jaenicke, 1999). It is also a regular nursery practice in many places to cut back the shoots of 
the seedlings (called sapling in this case) frequently for many years to favor diameter growth 
so as to produce sturdy seedlings capable of with standing harsh field conditions. 
 
4-3- Effects of growing media and containers sizes on growth of Albizia lebbeck  
4-3-1- Temporal development of Shoot length in the various growing media and 
containers 
 In the sand growing medium, shoot length growth of A. lebbeck  
seedling was almost identical in all the container sizes up to the sixth month from sowing 
date. In the rest of the period, seedlings length growth was very close in the second smaller 
container and second bigger container with about 5 cm length increment per month. Seedling 
growth in the bigger container continued with strong vigour in the seventh month so that 
length increment was about (7.2 cm) and in the end of measuring period the shoot growth 
became identical with the shoot growth in the second smaller container and second bigger 
container. Seedling growth in the smaller container was the lowest between all the container 
sizes (Figure 9a). 
 In the clay medium, shoot length growth of A. lebbeck seedlings in the different 
containers after four months from sowing date was almost identical; the divergence of 
growth rates in containers started there after (Figure 9b). Seedlings growth rates in the two 
bigger containers continued to be very closely with increments at about (10 cm). Seedling 
growth in smaller containers was almost identical but at a lower parallel level to that of the 
bigger containers. Shoot length in the smaller container showed the lowest rate as compared 
to that in the other containers. 
 In the silt medium, seedling growth went on with almost the same rate until the 
fourth month from sowing date. After that time, shoot length in the two bigger containers 
was distincted from the two smaller containers at a higher rate, about 10 cm per month. 
Shoot growth in the two smaller containers went on with the same rate until the seventh 
month after that, shoot length in the second smaller containers distincted with upwards trend 
(Figure 9c). 
 In the humus growing medium, seedling growth development was almost identical in 
all the container sizes up to the third month from sowing date. In the rest of the period, 
seedlings length growth was very close in the two smaller containers with about 4 cm length 
increment per month. Seedling growth in the bigger container continued with strong vigour 
about 10,9 cm per month. Seedling growth rate in the second larger container was followed 
the pattern describes for the biggest container but at a lower parallel level (Figure 9d). 
In the smaller container size (8×13 cm) variation of seedlings length growth 
appeared since the third month from sowing date in the sand, clay and humus media. After 
that time, shoot length growth in the hums and clay media went on with almost the same rate 
until the end of the measuring period but shoot growth in the sand medium followed the 
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shoot growth in the clay and the humus media but at a lower parallel rate In clay and humus 
media seedling growth rates were half way between those in sand and silt as the lowest and 
highest rates. Shoot length growth in the silt media distincted from the beginning with high 
increment about 6.7 cm per month (Figure 10a).     
 In the second smaller container size (10×20 cm), seedling growth was almost 
identical till the third month from sowing date. Seedling growth in the sand, clay and the 
humus media grew almost to the same average height until the end of measuring period with 
the exception that an increasing in height happened in fourth, fifth months in clay media. 
Shoot growth in the silt media distincted from the beginning with high increment about 10 
cm per month (Figure 10b). It can be said that, seedling growth development pattern in the 
second smaller container size (10×20 cm) was very similar to that recorded for the (8×13) 
cm tube. 
 In the second larger container (20×30 cm), temporal development of A. lebbeck 
seedlings height was almost the same in all the growing media till the third month from 
sowing date. In the fallowing months seedling growth rate was very close, even identical, in 
the clay and silt media. In the sand medium seedling growth in length started to be distincted 
from that in the other media since the third month from the sowing date, at a lower parallel 
rate and with gentle rates of increment till the end of measuring period (Figure 10c). Shoot 
growth in the humus medium was middle between the shoot growth in the sand and clay 
media.  
 In the biggest container, little differences in the seedling growth rates were observed 
in all the growing media until the third months. Generally the lowest growth rates of the 
seedlings were in sand and the fastest rates were observed in the silt medium. In clay and 
humus media seedling growth rates were almost identical and half way between those in 
sand and silt as the lowest and highest rates (Figure 10d). 
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Figure 9a: Shoot height development of Albizia lebbeck in sand 
0
10
20
30
40
50
60
70
80
May June July Aug. Sep. Oct. Nov.
Months 
H
ig
ht
 (c
m
) 8×13cm
10×20cm
20×30cm
30×40cm
 
Figure 9b: Shoot height development of A. lebbeck in clay 
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Figure 9c: Shoot height development of A. lebbeck in silt 
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Figure 9d: Shoot height development of A. lebbeck in humus 
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Figure 10a: Shoot height development of A. lebbeck in container with size 8×13 cm 
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Figure 10b: Shoot height development of A. lebbeck in container with size 10×20 cm 
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Figure 10c: Shoot height development of A. lebbeck in container with size 20×30 cm 
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Figure 10d: Shoot height development of A. lebbeck in container with size 30×40 cm 
  
4-3-2- Temporal development of root length in the various growing media and 
containers 
In the sand medium, A. lebbeck root growth in the biggest container (30×40 cm) was 
the biggest as compared to that in all the other containers with one exception in the fifth 
month with an increment of about 6.3 cm. Root growth in this container has stabilized at a 
fixed rate without noticeable increment between the sixth and the seventh months from 
sowing date. Root growth in the smaller container (8×13 cm) was the lowest as compared to 
that in all the other containers. Root growth in the second smaller container (10×20 cm) and 
in the second bigger container (30×20 cm) was identical till the fourth month from sowing 
date, after that time root growth showed some irregularities by increase and decline for two 
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folds. But in general, root growth was almost identical and half way between root growth in 
the biggest and the smaller containers (Figure 11a). 
In the clay growing medium, root growth development in the second smaller 
container was the lowest growth rate as compared to that in the all other containers (Figure 
11b). Root growth in the bigger container (30×40 cm) was the highest as compared to that in 
the all other containers and with an increment of about 1.6 cm per month. Root growth in the 
second bigger container (20×30 cm) grew up with an increment of about 6.1 cm per month 
and the growth here became identical with the growth in the bigger container from the sixth 
month to the eighth month. Root growth rate in the smaller container was half way between 
those in the biggest container and the second smaller container. 
 In the silt growing medium, root growth development was almost identical in the two 
bigger containers up to the end of measuring period, but with higher rate in the second bigger 
containers upwards from the sixth month from sowing date. Root growth in the two smaller 
containers was almost identical up to the sixth month from sowing and after that time, root 
growth in the second smaller container distincted and grew up with an increment about 11.4 
cm. While the root growth in the smaller container continued until eighth month with nearly 
steady rate of about 1.4 cm (Figure 11c).  
In the humus medium, root growth in the two bigger containers was almost identical 
up to the fifth month. After that time, root growth in the second bigger container continued 
almost with steady rate of about 1.4 cm, but root growth in the biggest container continued 
with an increments of about 4.5 cm till the eighth month. Root growth in the second small 
container was the lowest as compared to that in all the other containers, but in the seventh 
and the eighth month root growth became identical with root growth in the smaller container. 
Root growth in the smaller container proceeded from the beginning with fixed rate without 
noticeable higher increments (Figure 11d). 
In the smaller container (8×13 cm), root length in sand, silt went on with almost the 
same rate until the fifth month from sowing date. After that time, root growth in the silt 
distincted from in the sand at a higher rate (about 8.1 cm) till the eighth month. Root growth 
in the clay medium stabilized between the fourth and the sixth months and after that grew up 
upwards with an increments of about 2.2 cm. Root growth in humus showed the lowest 
growth as compared to that in sand, clay and silt media (Figure 12a). Root length in the sand 
was almost close to the root length in the clay with a low rate. Generally, root length in the 
sand and the clay seemed to be similar and half way between the silt and the humus. 
In the container size 10×20 cm , root growth in humus showed the lowest growth as 
compared to that in sand, clay and silt media with fixed rate in general and root growth in 
clay came in the second degree (Figure 12b). Root growth in sand grew up with an increment 
of about 8.7 cm per month. However there was a considerable growth depression towards the 
sixth month from sowing date, coinciding with shortages in water supplies. Root growth in 
silt medium grew up with an increment of about 11,4 cm per month. 
In the second larger container (20×30 cm), root growth in the sand and in the silt 
grew up with similar rate to the end of measuring period with an increments of about 6 cm 
per month. Root growth in the clay and in the humus went on with almost the same rate until 
the eighth month from sowing date with an increments of about 0.8 cm per month. Root 
growth in the clay and in the humus was the lowest growth rate as compared to that in the 
sand and the clay media (Figure 12c). 
In the biggest container (30×40 cm), generally the lowest growth rate of the roots was 
in humus medium. Root growth in the sand and in the clay and in the silt media became 
identical from the sixth month from sowing date with an increments of about 8.6 cm of the 
last three months (Figure 12d). 
 42
0
10
20
30
40
50
60
70
July Aug. Sep. Oct. Nov.
Months
Le
ng
th
 (c
m
) 8×13cm
10×20cm
20×30cm
30×40cm
 
Figure 11a: Root length development of A. lebbeck in sand 
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Figure 11b: Root length development of A. lebbeck in clay 
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Figure 11c: Root length development of A. lebbeck in silt 
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Figure 11d: Root length development of A. lebbeck in humus 
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Figure 12a: Root length development of A. lebbeck in container with size 8×13 cm 
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Figure 12b: Root length development of A. lebbeck in container with size 10×20 cm 
 44
0
10
20
30
40
50
60
70
July Aug. Sep. Oct. Nov.
Months
Le
ng
th
(c
m
) sand
clay
silt
humus
 
Figure 12c: Root length development of A. lebbeck in container with size 20×30 cm 
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Figure 12d: Root length development of A. lebbeck in container with size 30×40 cm 
 
4-3-3- Temporal development of shoot dry weight in the various growing media and 
containers 
 In the sand medium, A. lebbeck shoot dry weight development in the two smaller 
containers was almost identical up to the fourth month from sowing, after that time shoot dry 
weight in the second smaller container grew up with an increment of about 1.2 grams per 
month. Shoot dry weight built up in the smaller container followed the pattern described for 
the second smaller container but at a lower parallel level (Figure 13a). In the first bigger 
container shoot dry weight grew up with high increments of about 2.1 grams per month and 
shoot dry weight in the second bigger container grew up with an increment of about 1.2 
grams.    
In the clay medium, A. lebbeck shoot dry weight development in the smaller 
container grew up with steady lower rate to the end of measuring period at about 0.3 grams 
per month. Shoot dry weight built up in the second smaller container stabilized between the 
fourth and sixth months to become parallel to the growth in the smaller container but in a 
higher rate, then grew up with un increment of about 1.6 grams increase per month (Figure 
13b). Shoot dry weight growth in the second bigger container (20×30 cm) grew up with the 
highest rate about 5.4 grams increase per month and shoot dry weight growth in the bigger 
container (30×40 cm) grew up with slowly but a lower parallel level with an increments of 
about 4.8 grams increase per month.  
 In the silt medium, Shoot dry weight growth in all the containers were almost 
identical up to the forth month (Figure 13c). Shoot dry matter growth in the smaller 
container grew up with small increment at about 1.9 grams. Shoot dry matter growth in the 
second smaller container grew up with higher rate as compared to that in the smaller 
container with about 3 grams increments. Shoot dry weight growth in the two bigger 
containers grew up with almost the same rate till the fifth month. After that time, shoot dry 
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weight growth in the bigger container (30×40 cm) distincted from the second bigger 
container at a higher rate of about 7.9 grams per month. Shoot dry weight growth in the 
second bigger container (20×30 cm) grew up with lower rates as compared to the bigger one 
with almost 3.9 grams per month.  
 In the humus medium, shoot dry weight growth in the two smaller containers were 
very similar, but the growth in the second smaller container was slightly higher. Shoot dry 
matter built up in the bigger container was the highest with an increment of about 4.2 grams 
per month. Shoot dry matter built up in the second bigger container was middle between the 
growth in the bigger container and the two smaller containers with an increment of about 2.8 
grams per month (Figure 13d).     
In the smaller container (8×13 cm), shoot dry weight growth in the sand, clay and 
humus were nearly identical; the lowest built up was in the sand, humus and clay substrates 
successively. In the silt medium the growth rate of shoot dry matter was the biggest and with 
about 1.4 grams increment per month (Figure 14a).       
 In the (10×20 cm) container, shoot dry weight development in the silt medium 
showed the biggest rates and with about 1.9 grams increments per month (Figure 14b). Shoot 
dry weight growth in the sand and humus substrates were nearly identical, but the lowest 
rates was in the sand substrate. Shoot dry weight development in the clay was higher than in 
those in the sand and in the humus with an increments of about 0.9 grams.  
In the second bigger container (20×30 cm), shoot dry weight development in the sand 
and humus media proceeded with identical rates until the fifth month from sowing. After that 
time, shoot dry mater built up in the humus distincted with high increments of about 3.4 
grams (Figure 14c). Shoot dry weight development in the clay and silt media gave the 
biggest rates of about 4 grams increments per month. 
 In the biggest container (30×40 cm), shoot dry weight growth in sand, silt and clay 
growing media was identical until the fourth month from sowing, after that time shoot dry 
weight growth in the  silt medium distincted from that in the other media and proceeded 
upwards with large increments of about 8 grams per month (Figure 14d). Shoot dry weight 
growth in sand medium proceeded with lowest rates (about 1.9 grams) till the end of 
monitoring period. Shoot dry weight growth in humus medium proceeded with low parallel 
rates to that in the silt with increments of about 4.2 grams per month. Shoot dry weight 
growth in clay medium was mid-way between the humus and the sand with increments of 
about 4.8 grams per month.  
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Figure 13a: Shoot dry weight development of A. lebbeck in sand 
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Figure 13b: Shoot dry weight development of A. lebbeck in clay 
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Figure 13c: Shoot dry weight development of A. lebbeck in silt 
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Figure 13d: Shoot dry weight development of A. lebbeck in humus 
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Figure 14a: Shoot dry weight development of A. lebbeck in container with size 8×13 cm 
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Figure 14b: Shoot dry weight development of A. lebbeck in container with size 10×20 
cm 
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Figure 14c: Shoot dry weight development of A. lebbeck in container with size 20×30 
cm 
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Figure 14d: Shoot dry weight development of A. lebbeck in container with size 30×40 
cm 
 
4-3-4- Temporal development of root dry weight in the various growing media and 
containers 
 In the sand medium, A. lebbeck root dry weight growth in the two smaller containers 
went on with almost the same rate until the fifth month from sowing date. After that time 
root dry matter built up in the second smaller container went on with an increment of about 
1.4 grams, but root dry matter built up in the smaller container went on with low parallel 
level. Root dry weight built up in the biggest container went on with high increments of 
about 3.9 grams until the eighth month from sowing date. Root dry weight built up in the 
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second bigger container grew up with an increment of about 2.7 grams per month, the 
growth followed high path way to that in the two smaller containers (Figure 15a). 
In the clay growing medium, root dry matter built up was almost identical in the two 
bigger containers up to the sixth month from sowing date with an increment of about 2.3 
grams per month. After that time, the growth in the bigger container distincted from that in 
the second bigger container with high rate. Root dry matter built in the smaller container 
showed lower rates. Root dry matter in the second smaller container went on with a higher 
parallel level to that for the smaller container with an increment of about 2.4 grams per 
month (Figure 15b). 
In the silt growing medium, root dry matter built up was almost identical in the two 
smaller containers up to the eighth month from sowing date with an increment of about 1.5 
grams per month. Root dry weight growth in the bigger container went on with an increment 
of about 4.7 grams per month, it showed the biggest rate as compared to that in the other 
containers. Root dry weight growth in the second bigger container was identical to the 
growth in the bigger container  between the fourth and the fifth months, then it grew up with 
an increment of about 3.6 grams per month (Figure 15c).  
  In the humus medium, root dry matter built up was similar to that found in the silt 
medium. In the two smaller containers; root dry matter grew to same average weight to the 
end of measuring period. Root dry matter built up in the bigger container grew up with an 
increment of about 2.9 grams per month and showed the biggest rate as compared to that in 
the other containers (Figure 15d). Root dry matter built up in the second bigger container 
grew up to a half-way level between the root dry matter development in the bigger container 
and the two smaller containers with an increment of about 2.2 grams per month. 
 In the smaller container size (8×13 cm), root dry matter built up in all the substrates 
went on with almost the same rate until the fifth month from sowing date. After that time, 
root dry matter built up in the silt distincted from the other media at a higher rate of about 
1.5 grams per month. Root dry matter built up in clay medium continued to be very closely 
to that in the silt but at a slightly lower parallel rate with an increment of about 1.4 grams per 
month and in the eighth month became identical. Root dry matter in the sand grew up at a 
half-way level between the root dry matter development in the clay and the humus media 
with an increment of about 1.1 grams per month. Root dry matter built up in the humus 
showed the lowest rate as compared to that in all  the other media (Figure 16a). 
 In the container (10×20 cm), root dry matter built up in the humus medium showed 
the lowest rate as compared to that in the sand, clay and silt media. Root dry matter built up 
in the sand and silt media was almost identical with one exception in the sixth month that the 
dry matter development in the sand  was slightly higher. Root dry matter built up in the clay 
showed  highest rate as compared to that in the other media till the fifth month from sowing 
date. After that time, the growth rate became less than in the sand and the silt media (Figure 
16b). 
 In the second larger container (20×30 cm), root dry matter built up in the all growing 
media went on with almost the same rate until the forth month. After that time, dry matter 
development in the clay showed the biggest built up rate as compared to that in the other 
media and increased with an increment of about 4.6 grams per month. Root dry matter built 
up in the silt medium went on with an increment of about 3.6 grams per month. Root dry 
matter built up in the humus media showed the lowest rate as compared to that in the other 
media (Figure 16c). Root dry matter development in the sand grew up to a half-way level 
between the root dry matter development in the silt and the humus media. 
  In the biggest container (30×40 cm), root dry matter built up in all the growing media 
went on with almost the same rate until the forth month from sowing date. After that time, 
root dry matter in the humus grew up with an increment of about 2.9 cm per month. Root dry 
matter development in the sand continued with lower parallel rate to that in the all media till 
sixth month and after that month, root dry matter in the sand medium grew with a higher 
level to that for that in the humus. The rate of dry matter built up in the clay and the silt 
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media grew up with almost the same rate till the end of measuring period with one exception 
in the sixth month with an increment of about 4.7 grams per month (Figure 16d).  
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Figure 15a: Root dry weight development of A. lebbeck in sand 
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Figure 15b: Root dry weight development of A. lebbeck in clay 
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Figure 15c: Root dry weight development of A. lebbeck in silt 
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Figure 15d: Root dry weight development of A. lebbeck in humus 
0
1
2
3
4
5
6
7
July Aug. Sep. Oct. Nov.
Months
W
ei
gh
t (
g)
sand
clay
silt
humus
 
Figure 16a: Root dry weight development of A. lebbeck in container with size 8×13 cm 
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Figure 16b: Root dry weight development of A. lebbeck in container with size 10×20 cm 
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Figure 16c: Root dry weight development of A. lebbeck in container with size 20×30 cm 
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Figure 16d: Root dry weight development of A. lebbeck in container with size 30×40 cm 
 
4-3-5- Final assessment of some measured growth parameters of Albizia lebbeck in the 
different container sizes and different growing media 
 These analyses belong the last observations which were taken after eight months 
from sowing date, the measured growth parameters were: shoot length, root length, root 
collar diameter, shoot dry weight, root dry weight, seedling dry weight, wet shoot wet root 
ratio, dry shoot dry root ratio, shoot length root length ratio.  
 Final assessments data in the different growing media are presented in Table 4. These 
assessments were made for all the container sizes taken together. 
 
Table 4: Some growth parameters of A. lebbeck seedlings raised in different growing media 
Growing 
media 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
Sand 36.8c 55.9a 7.3c 7.8 c 
Clay 62.6b 29.5b 8.9b 15.7b 
Silt 73.3a 57.1a 9.9a 22.3a 
Humus 56.4b 25.9b 8.2b 14.0b 
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Table 4: Continued 
Growing 
media 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
Shoot 
length/ root 
length 
Sand 10.5bc 18.3c 0.8c 0.8b 
Clay 13.5ba 29.2b 1.2b 2.2a 
Silt 14.6a 36.8a 1.6a 1.9a 
Humus 7.8c 21.8c 1.7a 2.3a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
  
 For the shoot length there were significant differences between shoot length in the silt 
and the other growing media, and there were significant differences between shoot length in 
the clay and other growing media except the humus, and there were significant differences 
between shoot length in the humus and the other media except the clay. The highest value 
was recorded for the silt (73.3 cm) and the lowest value was recorded for the sand (36.8 cm). 
On the other hand, the shoot length in the silt substrate gave the biggest value in mean, it was 
about 1.2 folds higher than the shoot length in clay substrate, and about 1.3 folds higher than 
the shoot length in humus, and about 2 folds higher than the shoot length in sand, and the 
shoot length in the clay was about 1.7 folds higher than the shoot length in sand substrate, 
and the shoot length in the humus substrate was about 1.5 folds higher than the shoot length 
in the sand substrate.        
 For the root length there were significant differences between root length in the silt 
and the other growing media except for the sand substrate, and there were significant 
differences between root length in sand and other growing media except for the silt, and 
there were significant differences between root length in the clay and other growing media 
except for the humus medium. The highest value was recorded for the silt (57.1 cm) and the 
lowest value was recorded for the humus (25.9 cm). On the other hand, the root length in the 
silt substrate gave the biggest value in mean, it was about 2 folds higher than the root length 
in clay, and of about 2.2 folds higher than the root length in the humus. Root length in the 
sand substrate was about 1.9 folds higher than the root length in clay substrate, and of about 
2.2 folds higher than the root length in humus substrate. 
 For the root collar diameter there were significant differences between root collar 
diameter in the silt and the other growing media, and there were significant differences 
between root collar diameter in the clay and other growing media except for the humus 
medium. The highest value was recorded for the silt (9.9 mm) and the lowest value was 
recorded for the sand (7.3 mm). On the other hand, the root collar diameter in the silt 
substrate gave the biggest value in mean, it was about 1.1 folds higher than the root collar 
diameter in the clay, and about 1.2 folds higher than the root collar diameter in humus 
substrate, and about 1.4 folds higher than the root collar diameter in the sand medium. Root 
collar diameter in the clay substrate was about 1.2 higher than the root collar diameter in 
sand substrate, and the root collar diameter in the humus was about 1.2 higher than the root 
collar diameter in sand.     
 For the shoot dry weight there were significant differences between shoot dry weight 
in the silt and the other growing media, and there were significant differences between shoot 
dry weight in the clay and the other growing media except for the humus, and there were 
significant differences between shoot dry weight in the humus and the other growing media 
except for the clay. The highest value was recorded for the silt (22.3 g) and the lowest value 
was recorded for the sand (7.8 g). On the other hand, the shoot dry weight in the silt substrate 
gave the biggest value in mean, it was about 1.4 folds higher than the shoot dry weight in the 
clay substrate, and about 1.6 folds higher than the shoot dry weight in humus, media, and 
about 2.9 folds higher than the shoot dry weight in the sand.  
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For the root dry weight there were significant differences between root dry weight in 
the silt and the other growing media except for the clay substrate, and there were significant 
differences between root dry weight in the clay and the other growing media except for the 
sand and the silt, and there were significant differences between root dry weight in the sand 
and the other growing media except for the clay and the silt. The highest value was recorded 
for the silt (14.6 g) and the lowest value was recorded for the humus (7.8 g). On the other 
hand, the root dry weight in the silt substrate gave the biggest value in mean, it was about 1.4 
folds higher than the root dry weight in the sand, and about 1.9 folds higher than the root dry 
weight in humus substrate, and the root dry weight in the clay substrate were about 1.7 folds 
higher than the root dry weight in sand.  
For the seedling dry weight there were significant differences between dry seedling 
weight in the silt and the other growing media, and there were significant differences 
between dry seedling weight in the clay and the other growing media, but there were no 
significant differences between dry seedling weight in the humus and in the sand. The 
highest value was recorded for the silt (365.8 g) and the lowest value was recorded for the 
sand (18.3 g). On the other hand, the dry seedling weight in the silt substrate gave the biggest 
value in mean, it was about 1.2 folds higher than the dry seedling weight in the clay 
substrate, and about 1.7 folds higher than the dry seedling weight in humus, and about 2 
folds higher than the dry seedling weight in sand substrate. The dry seedling weight in the 
clay were about 1.3 folds higher than the dry seedling weight in humus, and were of about 
1.6 folds higher than the dry seedling weight in sand.    
For the dry shoot/dry root ratio there were significant differences between dry 
shoot/dry root ratio in the humus and the other growing media except for the silt substrate, 
and there were significant differences between dry shoot/dry root in the silt and in the other 
growing media except the humus substrate, and there were significant differences between 
dry shoot/dry root ratio in the clay and in the other growing media. The highest value was 
recorded for the humus (1.7) and the lowest value was recorded for the sand (0.8). On the 
other hand, the dry shoot/dry root ratio in the humus substrate gave the biggest value in 
mean, it was about 1.4 folds higher than the dry shoot/dry root ratio in the clay substrate, and 
of about 2 folds higher than the sand. The dry shoot/dry root ratio in the silt substrate were of 
about 1.3 folds higher than the dry shoot/dry root ratio in the clay, and about 2 folds higher 
than the dry shoot/dry root ratio in sand substrate. Also dry shoot/dry root ratio in the clay 
substrate were of about 1.5 folds higher than the dry shoot/dry root ratio in the sand. 
For the shoot length/root length ratio there were significant differences between shoot 
length/root length ratio in the sand and the other growing media, and there were no 
significant differences between shoot length/root length ratio in the clay and the silt and the 
humus. The highest value was recorded for the humus (2.3) and the lowest value was 
recorded for the sand (0.8). On the other hand, the shoot length/root length ratio in the humus 
substrate gave the biggest value in mean, it was about 2.9 folds higher than the shoot 
length/root length ratio in the sand, and the shoot length/root length ratio in the clay were of 
about 2.8 folds higher than the sand, and the shoot length/root length ratio in the silt were of 
about 2.4 folds higher than it in the sand. 
Final assessments of growth parameters in the different containers are presented in 
Table 5, appendix 2. 
For the shoot length there were significant differences between shoot length in the 
bigger container (30×40 cm) and the other containers, and there were significant differences 
between shoot length in the second bigger container (20×30 cm) and other containers, but 
there were no significant differences between shoot length in the two smaller containers   
(8×13 cm) and (10×20 cm). The highest value was recorded for the bigger container (70.4 
cm) and the lowest value was recorded for the smaller container (41.3 cm). On the other 
hand, the shoot length in the bigger container (30×40 cm) gave the biggest value in mean, it 
was about 1.2 folds higher than the shoot length in the second bigger container, and about 
1.4 folds higher than the shoot length in the second smaller container, and about 1.7 folds 
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higher than the shoot length in the smaller container. Shoot length in the second bigger 
container was of about 1.2 folds higher than the shoot length in the second smaller container, 
and about 1.5 folds higher than the shoot length in the smaller container. 
For the root length there were significant differences between root length in the 
smaller container (8×13 cm) and the other containers except for the second bigger container, 
but there were no significant differences between root length in the three bigger container. 
The highest value was recorded for the bigger container (50.4 cm) and the lowest value was 
recorded for the smaller container (31.4 cm). On the other hand, the root length in the bigger 
container gave the biggest value in mean, it was about 1.6 folds higher than the root length in 
the smaller container, and their were a little differences between the root length in the bigger 
container and in the second smaller container. The root length in the second small container 
was about 1.6 folds higher than the root length in the smaller container. 
 
Table 5: Some growth parameters of A. lebbeck seedlings raised in various containers sizes 
Container 
sizes 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
8×13  cm   41.3c 31.4b 6.5c 5.6c 
10×20 cm 50.2c 49.5a 7.5b 9.9c 
20×30 cm 60.4b 39.6ba 9.6a 17.3b 
30×40 cm 70.4a 50.4a 10.1a 24.2a 
 
Table 5: Continued 
Container 
sizes 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry 
shoot/dry 
root 
Shoot 
length/root 
length 
8×13cm 5.1d 10.7d 1.1b 1.4a 
10×20cm 9.2c 19.1c 1.2ba 1.6a 
20×30cm 13.3b 30.6b 1.3ba 2.0a 
30×40cm 17.2a 41.4a 1.5a 1.8a 
Means with the same letter are not significantly different at p ≥ 0.05, the significance differences were assessed 
by Duncan multiple range test. 
   
For the root collar diameter there were significant differences between root collar 
diameter in the bigger container and the other containers except for the second bigger 
container, and there were significant differences between root collar diameter in the second 
bigger container and the others except for the bigger container, and there were significant 
differences between root collar diameter in the second smaller containers and the other 
container. The highest value was recorded for the biggest container (10.1mm) and the lowest 
value was recorded for the smaller container (6.5 mm). On the other hand, the root collar 
diameter in the bigger container gave the biggest value in mean, it was about 1.3 folds higher 
than the root collar diameter in the second smaller container, and of about 1.6 folds higher 
than the root collar diameter in the smaller container. Root collar diameter in the second 
bigger was of abut 1.3 folds higher than in the second smaller container, and of about 1.5 
folds higher than the root collar diameter in the smaller container. Root collar diameter in the 
second smaller container was of abut 1.2 folds higher than in the smaller container.  
For the shoot dry weight there were significant differences between shoot dry weight 
in the bigger container and the other containers, and there were significant differences 
between shoot dry weight in the second bigger container and the others, but there were no 
significant differences between shoot dry weight in the two smaller containers. The highest 
value was recorded for the bigger container (24.2 g) and the lowest value was recorded for 
the smaller container (5.9 g). On the other hand, the shoot dry weight in the bigger container 
gave the biggest value in mean, it was about 1.4 folds higher than the shoot dry weight in the 
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second bigger container, and about 2.4 folds higher than the shoot dry weight in the second 
smaller container, and about 4.3 folds higher than shoot dry weight in the smaller container, 
and the shoot dry weight in the second bigger container was about 1.7 folds higher than the 
shoot dry weight in the second smaller container, and about 3 folds higher than the shoot dry 
weight in smaller container. 
For the root dry weight there were significant differences between root dry weight in 
the bigger container and the other containers, and there were significant differences between 
root dry weight in the second bigger container and the others, and there were significant 
differences between root dry weight in the second smaller containers and the others. The 
highest value was recorded for the bigger container (17.2 g) and the lowest value was 
recorded for the smaller container (5.1 g). On the other hand, the root dry weight in the 
bigger container gave the biggest value in mean, it was about 1.3 folds higher than the root 
dry weight in the second bigger container, and of about 1.9 folds higher than the root dry 
weight in the second smaller container, and of about 3.4 folds higher than root dry weight in 
the smaller container. Root dry weight in the second bigger container was about 1.4 higher 
than the root dry weight in second smaller container, and of about 2.6 folds higher than the 
root dry weight in smaller container. Root dry weight in the second smaller container was of 
about 1.8 higher than the root dry weight in smaller one.  
For the seedling dry weight there were significant differences between dry seedling 
weight in the bigger container and the other containers, and there were significant 
differences between dry seedling weight in the second bigger container and the others, and 
there were significant differences between seedling dry weight in the second smaller 
containers and the others. The highest value was recorded for the bigger container (41.4 g) 
and the lowest value was recorded for the smaller container (10.7 g). On the other hand, the 
seedling dry weight in the bigger container gave the biggest value in mean, it was about 1.4 
folds higher than the seedling dry weight in the second bigger container, and of about 2.2 
folds higher than the seedling dry weight in the second smaller container, and of about 3.9 
folds higher than seedling dry weight in the smaller container. Seedling dry weight in the 
second bigger container was about 1.6 folds higher than the seedling dry weight in second 
smaller container, and of about 2.9 folds higher than the seedling dry weight in smaller 
container. Seedling dry weight in the second smaller container was of about 1.8 folds higher 
than the seedling dry weight in smaller one.  
For the wet shoot/wet root ratio there were significant differences between wet 
shoot/wet root ratio in the bigger container and the other containers except the second 
smaller container and the second bigger container, but there were no significant differences 
between wet shoot/wet root ratio in the second smaller container and the second bigger 
container. The highest value was recorded for the bigger container (1.7) and the lowest value 
was recorded for the smaller container (1.2). On the other hand, the wet shoot/wet root ratio 
in the bigger container gave the biggest value in mean it was about 1.4 folds higher than the 
wet shoot/wet root ratio in the smaller container and of about 1.3 folds higher than the wet 
shoot/wet root ratio in the second smaller container, and of about 1.2 folds higher than the 
wet shoot/wet root ratio in the second bigger container.         
For the dry shoot/dry root ratio there were significant differences between dry 
shoot/dry root ratio in the bigger container and the other containers except for the second 
smaller container and the second bigger container, but there were no significant differences 
between dry shoot/dry root ratio in the second smaller container and the second bigger 
container. The highest value was recorded for the bigger container (1.5) and the lowest value 
was recorded for the smaller container (1.1). On the other hand, the dry shoot/dry root ratio 
in the bigger container gave the biggest value it was about 1.4 folds higher than the dry 
shoot/dry root ratio in the smaller container, and of about 1.3 folds higher than the dry 
shoot/dry root ratio in the second smaller container, and of about 1.2 folds higher than the 
dry shoot/dry root ratio in the second bigger container. 
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For the shoot length/root length ratio there were no significant differences between 
the shoot length/root length ratio in all the containers. The highest value was recorded for the 
second bigger container (2) and the lowest value was recorded for the smaller container (1.4) 
and their were little differences between the shoot length/root length ratio in all the 
containers. 
 
4-3-6- Assessment of A. lebbeck growth parameters in the different media without 
consideration to the container sizes  
The performance of shoot length of A. lebbeck seedlings was in the following order 
in the different media: Silt > Clay >  Humus > Sand.  
The performance of root length of A. lebbeck seedlings was in the following order in 
the different media: Silt > Sand >  Clay > Humus.  
The performance of shoot dry weight of A. lebbeck seedlings was in the following 
order in the different media: Silt > Clay >  Humus > Sand. 
The performance of root dry weight of A. lebbeck seedlings was in the following 
order in the different media: Silt > Clay >  Sand > Humus.  
The performance of root collar diameter of A. lebbeck seedlings was in the following 
order in the different media: Silt > Clay >  Humus > Sand.  
The performance of seedling dry weight of A. lebbeck seedlings was in the following 
order in the different media: Silt > Clay > Humus > Sand.  
The performance of dry shoot weight: dry root weight ratio of A. lebbeck seedlings 
was in the following order in the different media: Humus > Silt > Clay > Sand.  
The performance of shoot length: root length ratio of A. lebbeck seedlings was in the 
following order in the different media: Humus > Clay > Silt > Sand. 
From the above summary, it is obvious that most of the growing parameters of A. 
lebbeck performed well in the silt and clay to some extend, while their performance was 
moderate in sand and humus. This species was introduced to Sudan at the beginning of the 
last century and planted as avenue and shade tree in the urban areas and rarely used as 
plantation forestry tree to test its performance in the field soils. 
Concerning the response of the species growth to the different container sizes and growing 
media, all the arguments and interpretations given to explain the performance of T. indica 
are also applicable to A. lebbeck seedlings. In other words, the growth of this species 
followed the same trend as that outlined for T. indica, but the magnitude of values of studied 
growth parameters were higher for this species. 
 
4-3-7- Assessment of A. lebbeck growth parameters in the different container sizes 
without consideration to the media types 
The performance of shoot length of A. lebbeck seedlings was in the following order 
in the different container sizes: container 30×40 cm  >20×30 cm > 10×20 cm > 8×13 cm.  
The performance of root length of A. lebbeck seedlings was in the following order in 
the different container sizes: container 30×40 cm > 10×20 cm  >20×30 cm > 8×13  cm. 
Because of increasing the rooting volume, by increasing container size, the root length 
increases.   
The performance of shoot dry weight of A. lebbeck seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20  cm > 8×13 
cm.    
The performance of root dry weight of A. lebbeck seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20  cm > 8×13 
cm.  
The performance of root collar diameter of A. lebbeck seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20  cm > 8×13 
cm. Root collar diameter increases with increasing container size; because of increasing 
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volume of growing media- including nutrients- which are employed in increasing of plant 
dimensions. 
The performance of seedling dry weight of A. lebbeck seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm  > 8×13  
cm. Seedling dry weight increases with increasing container size; because of increasing 
volume of growing media which enable plant to absorb more nutrients and employed  them 
in increasing of seedling parts. 
The performance of dry shoot weight/dry root weight ratio of A. lebbeck seedlings 
was in the following order in the different container sizes: Container 30×40 cm > 20×30 > 
10×20 cm > 8×13 cm. When this ratio is small, this indicates a well developed root system 
relative to the shoot, giving the seedlings a better chance to survive under dry sites than a 
small root system with a large top. 
The performance of shoot length/root length ratio of A. lebbeck seedlings was in the 
following order in the different container sizes: container 20×30 cm > 30×40 cm > 10×20 cm 
>  8×13 cm.  
Generally, the results which were obtained for A. lebbeck seedlings showed the same 
trend as for T. indica and the explanations and arguments given for T. indica were also 
applicable to this species. However, the magnitude of values of the parameters studied were 
higher for A. lebbeck than those of T. indica. 
 
4-4- Effects of growing media and containers sizes on growth of A. senegal 
4-4-1- Temporal development of shoot length in the various growing media and 
containers 
In the sand medium, shoot length growth of A. senegal seedlings in the different 
containers after two months from sowing was almost identical; the divergence of growth 
rates in containers started there after. Seedlings growth rates in the two smaller containers 
continued to be very closely with very small differences. The average monthly increment of 
seedlings growth in these containers was about 3.1 cm. Seedling growth in the bigger 
container proceeded steadily upwards until the forth month with a mean increment of about 
10.1 cm per month. From the fourth month on wards seedling growth rate in this container 
(30×40 cm) has stabilized at a fixed rate without noticeable increment. In the second bigger 
container (20×30 cm) seedlings grew up with an increment of about 4 cm per month, their 
growth rate was nearly mid-way between seedlings growth in the bigger container and the 
two smaller containers (Figure 17a). 
 In the clay growing medium, A. senegal seedling length development was almost 
identical in all the container sizes up to the second month from sowing. In the rest of the 
period, seedlings length growth was very close in the two bigger containers with about 9 cm 
length increment per month. Seedling growth in the smaller container continued with the 
lowest growth rate with an increment of about (6.4 cm). Seedling growth in the second 
smaller container (10×20 cm) was almost identical with that in the two bigger container till 
the third month. After that time, the shoot growth continued with steadily increment of about 
0.2 cm and in the sixth and seventh months seedling growth became almost identical to that 
in the smaller containers (Figure 17b). 
 In the silt medium, seedling growth development was almost identical in all the 
containers up to the second month from sowing. Shoot growth  in the two bigger containers 
was similar to that found in the  
clay medium, their increment was the highest which amounted to 6.2 cm. In the second 
smaller container, shoot growth rate was the lowest as compared to that in the other 
containers with an increment of about 4.9 cm. Seedling growth development in the smaller 
container grew up with an increment of about 5.3 cm per month, the growth here was nearly 
mid-way between seedling growth in the two bigger containers and the second smaller 
container. 
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In all the containers, seedlings grew to same average height until the second month (Figure 
17c). 
 In the humus medium, seedling growth was almost identical in all the containers up 
to the third month from sowing. After that time shoot growth in the bigger containers 
distincted with high increment of about 4.2 cm per month. Shoot development in the bigger 
container and in the second smaller container went on with almost identical rate till the 
fourth month, after that time the growth in the second smaller container grew with lower 
parallel level. Shoot development in the smaller container showed the lower growth rate 
between the second and the fifth months, after that time, it showed a higher parallel level to 
the growth in the second smaller container (Figure 17d). 
  In the smaller container sizes (8×13 cm), variation of seedlings length growth 
appeared since the first month from sowing date. Generally, seedling growth in the sand 
medium was the lowest as compared to that in the other media. Seedling growth rate in the 
clay was the fastest with about average 6.4 cm increment per month. Seedling growth in the 
silt medium was parallel, at a lower rate, to that in the clay medium. Seedling growth rate in 
the humus was nearly mid-way between the sand and the silt media (Figure 18a). 
 In the second smaller container size (10×20 cm), seedling growth rates in the clay 
was the fastest with an average of 6.6 cm increment per month. Seedling growth 
development in the silt and the humus media was very similar till the fourth month from 
sowing. After that time, the growth in the humus media went on with almost a steady rate, 
but the growth in the silt medium continued with lower parallel level except in the third 
month and in the seventh month. The growth in the third month was higher and the growth in 
the seventh increased so that their average height was identical to that in the humus medium. 
Seedling growth in the sand medium was the lowest as compared to that in the other media 
(Figure 18b).    
 In the second bigger container (20×30 cm), temporal development of A. senegal 
seedlings height was almost the same in all the growing media except in the sand during the 
first month from sowing date. In the following months seedling growing rate in the clay was 
the fastest with an average of 9.7 cm increment per month. Seedling growth in the sand 
medium was the lowest as compared to that in the other media from the third month. In the 
silt medium shoot growth started to become distinct from that in the other media since the 
first month from the sowing date with an increment of about 6.9 cm per month. In the humus 
medium shoot growth proceeded at a lower parallel level to that in the silt  till the fourth 
month and after that the growth very close, even identical (Figure 18c). 
 In the biggest container, seedling growth development pattern in the clay and the silt 
media was very similar to that outlined for the 20×30 cm container. Shoot growth rate in the 
humus was the lowest as compared to that in the other media. Seedling growth rate in the 
sand was very close to that in the silt and even became identical during the last three months 
(Figure 18d). 
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Figure 17a: Shoot height development of Acacia senegal in sand 
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Figure 17b: Shoot height development of A. senegal in clay 
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Figure 17c: Shoot height development of A. senegal in silt 
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Figure 17d: Shoot height development of A. senegal in humus 
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Figure 18a: Shoot height development of A. senegal in container with size 8×13 cm 
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Figure 18b: Shoot height development of A. senegal in container with size 10×20 cm 
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Figure 18c: Shoot height development of A. senegal in container with  
size 20×30 cm 
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Figure 18d: Shoot height development of A. senegal in container with size 30×40 cm  
 
4-4-2- Temporal development of root length in the various growing media and 
containers 
 In the sand medium, A. senegal root growth in the three smaller containers went on 
with almost the same rate until the forth month from sowing. After that time, root growth in 
the second bigger container distincted from the two smaller containers at a higher rate, but 
root growth in the two small containers went on with almost the same rate until the seventh 
month from sowing. Root growth in the bigger container was distinct from that in the three 
smaller containers and proceeded upwards with large increments of about 7.8 cm per month 
(Figure 19a). 
 In the clay growing medium, root growth in the smaller container grew up with the 
lower rate of about 4.6 cm increment per month. Root growth rates in the second smaller 
container continued with high parallel level of that in the smaller container. Root growth 
development was almost identical in the two bigger container, with higher parallel level to 
that in the bigger container until the sixth month from sowing. After that time root growth in 
the bigger container distincted from the second bigger container at a higher rate of about 
11.1 cm increment (Figure 19b).  
In the silt growing medium, root growth development was almost identical in the two 
bigger containers and the smaller containers up to the fourth month from sowing. After that 
time, root growth in the bigger container continued with high increments of about 7.2 cm per 
month and root growth in the smaller container continued with gentle rate of about 2.1 cm 
per month and root growth in the second bigger container seemed to be mid-way between the 
growth in the bigger and in the smaller container (Figure 19c).  
In the humus medium, root growth in the bigger container went on with the higher 
rate as compared to that in all the other containers with an increment of about 2.7 cm per 
month. Root growth in the two smaller containers were very close to each other, but the 
growth in the second smaller container was at lower parallel level to that of the smaller 
container. Root growth in the second bigger container seemed to be mid-way between the 
growth in the two smaller containers and the bigger container (Figure 19d).         
In the smaller container (8×13 cm), root growth rates in the sand and in the silt were 
very close to each other with very small differences till the seventh month. Root growth in 
the humus started to increase with an increment of about 2.6 cm per month it was at lower 
parallel level with that of silt and the sand. Root length in clay went on to the lowest rate as 
compared to that in the other media till the fifth month, then the growth increased with an 
increment about 6 cm, whereas the growth in the seventh month was greater than that in  the 
humus and in the sand media (Figure 20a). 
In the container (10×20 cm), root growth in humus showed the lowest growth as 
compared to that in the other media. Root growth in the sand increased with higher rates than 
in the other media with an increment of about 3.8 cm per month. Root growth in the clay 
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increased with steadily rate of about 1.6 cm per month, but it was lower than that in the sand. 
Root growth in the silt went on at a lower parallel level to that in the clay media (Figure 
20b). 
In the second larger container (20×30 cm), root growth in humus showed the lowest 
rate as compared to that in the other media with an increment of about 1.4 cm per month. 
Root growth in the sand and clay showed the highest rate, with average increments of about 
5 cm per  
month. Root growth in the silt was very close to that in the sand and clay but continued at a 
lower parallel level (Figure 20c). 
In the biggest container (30×40 cm), generally the lowest growth rates of the root 
ware in humus medium with an increment of about 2.8 cm per month and the fastest rates 
ware observed in sand medium with an increment of about 9.3 cm per month. In the silt and 
the clay media, root growth rates were half way between those in the sand and the humus as 
the highest and lowest rates (Figure 20d). 
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Figure 19a: Root length development of A. senegal in sand 
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Figure 19b: Root length development of A. senegal in clay 
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Figure 19c: Root length development of A. senegal in silt 
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Figure 19d: Root length development of A. senegal in humus 
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Figure 20a: Root length development of A. senegal in container with size 8×13 cm 
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Figure 20b: Root length development of A. senegal in container with size 10×20 cm 
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Figure 20c: Root length development of A. senegal in container with size 20×30 cm 
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Figure 20d: Root length development of A. senegal in container with size 30×40 cm 
 
4-4-3- Temporal development of shoot dry weight in the various growing media and 
containers 
In the sand growing medium, A. senegal shoot dry weight development in the smaller 
container showed the lowest growth as compared to that in the other containers with an 
increment of about 0.2 grams per month. Shoot dry matter in the second smaller container 
continued to be very closely to that in the smaller container but at a higher parallel level with 
an increment of about 0.1 grams. Shoot dry matter in the bigger container showed the fastest 
rates, it grew with an increment of about 0.3 grams per month. Shoot dry matter growth in 
the second bigger container seemed to be mid-way between the growth in the bigger and in 
the smaller container (Figure 21a).  
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 In the clay growing medium, shoot dry weight development in the smaller container 
showed the lowest growth as compared to that in the other containers with an increment of 
about 0.2 g per month and shoot dry matter in the bigger container showed the fastest rates. 
Shoot dry matter growth in the second bigger container followed the pattern described for 
the bigger container but a lower parallel level. Shoot dry matter in the second smaller 
container continued with an increment of about 0.6 grams per month, it seemed to be nearly 
half way between of that in the smaller and the second bigger containers (Figure 21b).   
In the silt growing medium, shoot dry weight development in the second smaller 
container showed the lowest growth as compared to that in the other containers with an 
increment of about 0.2 grams per month and shoot dry matter in the bigger container showed 
the fastest rates, it grew with an increment of about 0.8 grams per month. Shoot dry matter 
growth in the smaller container grew up with an increment of about 0.1 grams per month but 
a higher level of that in the second smaller container. Shoot dry matter in the second bigger 
container continued with an increment of about 0.3 grams per month, it seemed to be nearly 
half way between that in the two smaller and the bigger containers (Figure 21c).  
 In the humus medium, shoot dry matter in the bigger container showed the fastest 
rate, it grew with an increment of about 0.9 grams per month. Shoot dry weight growth in the 
three small containers went on with the same rate till the third month. After that time, shoot 
dry matter in the second bigger container distincted with a higher rate and with 0.8 grams 
increment per month. Shoot dry weight growth in the small container showed the lowest 
growth as compared to that in the other containers. Shoot dry matter in the second smaller 
container continued with an increment of about 0.7 grams per month, it seemed to be nearly 
half way between of that in the smaller container and the second bigger container (Figure 
21d).        
 In the smaller container (8×13 cm), shoot dry weight growth in the sand, silt, and 
humus media grew to the same average weight until the third month from sowing. During 
the rest of the period, shoot dry weight growth rate in the silt distincted from the sand and 
humus with an increment of about 0.8 grams per month. In the sand and the humus media 
shoot dry weight growth was almost identical throughout the measuring period. In the clay 
medium, the growth rate of shoot dry weight was the biggest and with about 0.8 grams 
increment per month (Figure 22a). 
 In the 10×20 cm container, shoot dry matter in the clay medium showed the biggest 
growth rates with an increment of about 0.6 grams per month. Shoot dry weight growth in 
the silt medium showed the lowest growth rate as compared to that in the other media. Shoot 
dry weight development in the sand and in the humus grew up to the same average weight 
till he fourth month. After that time, shoot dry matter in the humus grew up at a high parallel 
level with an increment of about 0.3 grams and the growth in the sand went on with about 
0.2 grams per month (Figure 22b). 
In the 20×30 cm container, shoot dry matter in the clay medium showed the fastest 
growth rate as compared to that in the other media with an increment of about 1.4 grams per 
month. In the humus medium, shoot dry weight growth showed the lowest growth rates as 
compared to that in the other media with an increment of about 0.5 grams. In the silt 
medium, the growth rate of shoot dry matter grew up with an increment of about 1.3 grams 
per month it was at a lower parallel level to that in the clay. In the sand medium, the growth 
rate of the shoot dry matter grew up with an increment of about 1 grams per month it was at 
a lower parallel level to that in the silt (Figure 22c). 
  In the bigger container (30×40 cm), shoot dry weight growth in the clay medium 
showed the biggest growth rate with an increment of about 1.7 grams per month. Shoot dry 
weight growth in the humus medium showed the lowest growth as compared to that in the 
other media. Shoot dry weight growth in sand grew up with an increment of about 0.3 grams 
per month and the growth became identical to that in the humus in the  fifth, sixth and 
seventh months. Shoot dry weight growth in the silt medium grew up with an increment of 
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about 0.7 grams per month. Here, the growth was higher than that in the sand and in the 
humus (Figure 22d).  
0
1
2
3
4
July Aug. Sep. Oct. Nov.
Months
W
ei
gh
t (
g)
8*13cm
10*20cm
20*30cm
30*40cm
 
Figure 21a: Shoot dry weight development of A. senegal in sand 
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Figure 21b: Shoot dry weight development of A. senegal in clay 
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Figure 21c: Shoot dry weight development of A. senegal in silt 
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Figure 21d: Shoot dry weight development of A. senegal in humus 
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Figure 22a: Shoot dry weight development of A. senegal in container with size 8×13 cm 
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Figure 22b: Shoot dry weight development of A. senegal in container with size 10×20 
cm 
 68
0
1
2
3
4
5
6
7
8
9
July Aug. Sep. Oct. Nov.
Months
W
ei
gh
t (
g) sand
clay
silt
humus
 
Figure 22c: Shoot dry weight development of A. senegal in container with size 20×30 
cm 
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Figure 22d: Shoot dry weight development of A. senegal in container with size 30×40 
cm 
 
4-4-4- Temporal development of root dry weight in the various growing media and 
containers 
 In the sand medium, A. senegal root dry weight built up in the bigger container went 
on with high increment of about 0.9 grams per month. root dry weight growth in the two 
smaller containers went on with almost the same rate until the sixth month. After that time, 
the growth in the second smaller container distincted with a little rate. Root dry weight built 
up in the second bigger container grew with an increment of about 0.5 grams per month, the 
growth here fell half-way between that of the two smaller containers and the bigger container 
(Figure 23a). 
 In the clay growing medium, root dry matter built up in the smaller container showed 
the lowest growth as compared to that in the other containers. Root dry matter development 
in the second smaller container grew up with a higher parallel level to the growth in the 
smaller container with an increment of about 0.3 grams per month. In the two bigger 
container, root dry matter built up was almost identical with the same rate with an increment 
of about 0.5 grams per month (Figure 23b). 
 In the silt growing medium, root dry matter built up in the smaller container showed 
the lowest growth as compared to that in the other containers with an increment of about 0.5 
grams per month and the growth in the second smaller container grew up with a higher 
parallel level. Root dry weight growth in the second bigger container showed the highest 
growth as compared to that in the other containers with an increment of about 1.3 grams per 
month and the  root dry weight growth in the bigger container grew up with a lower parallel 
level (Figure 23c).  
 69
  In the humus medium, root dry matter built up in all the containers was almost at the 
same rate until the third month from sowing date. After that time, root dry matter built up in 
the bigger container grew up with the highest rate as compared to that in the other containers 
with an increment of about 0.4 grams per month and the growth in the second bigger 
containers grew up with a lower parallel level. Root dry matter built up in the smaller 
container showed the lowest growth as compared to that in the other containers with an 
increment of about 0.2 grams per month and the growth in the second smaller container grew 
up with a higher parallel level (Figure 23d). 
In the smaller container size (8×13 cm), root dry matter development in the clay 
medium went on with the highest rate with an increment of  about 0.5 grams per month. Root 
dry matter development in the humus showed the lowest growth as compared to that in the 
other media with an increment of about 0.2 grams per month. Root dry matter development 
in the silt and in the sand media continued to be very closely to each other till the sixth 
month. After that time, the growth in the silt distincted with an increment of about 0.4 grams 
(Figure 24a). 
 In the second smaller container (10×20 cm), root dry matter development in the clay 
showed the highest rate as compared to that in the other media with an increment of about 
0.7 grams per month. Root dry matter development in the silt and in the humus media 
showed the lowest rate as compared to that in the other media and their growth was almost 
identical. Root dry matter built up in the sand became identical to that in the clay media in 
the third month. After that time, the dry matter grew up with an increment of about 0.4 
grams per month (Figure 24b). 
 In the second bigger container (20×30 cm), root dry matter development pattern in 
these container was very similar to that outlined for the 10×20 cm container with one 
noticeable exception that, root growth rate in the silt was higher than the root growth in the 
humus medium (Figure 24c). 
  In the bigger container (30×40 cm), root dry matter built up in the clay and in the 
sand media went on with almost the same rate until the fifth month from sowing date. After 
that time, the rate of dry matter built up in the clay distincted from the sand at a higher rate 
of about 0.9 grams increment per month and the root dry matter built up in the sand 
continued with an increment of about 0.1 grams. Root dry matter growth in the silt and in the 
humus was almost identical till the fourth month from sowing. After that time, root growth in 
the humus continued with the same rate of about 0.3 grams per month as the lowest growth 
rate. The growth in the silt distincted from the humus at a higher rate of about 0.6 grams 
increment per month (Figure 24d).   
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Figure 23a: Root dry weight development of A. senegal in sand 
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Figure 23b: Root dry weight development of A. senegal in clay 
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Figure 23c: Root dry weight development of A. senegal in silt 
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Figure 23d: Root dry weight development of A. senegal in humus 
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Figure 24a: Root dry weight development of A. senegal in container with size 8×13 cm 
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Figure 24b: Root dry weight development of A. senegal in container with size 10×20 cm 
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Figure 24c: Root dry weight development of A. senegal in container with size 20×30 cm 
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Figure 24d: Root dry weight development of A. senegal in container with size 30×40 cm 
 
4-4-5- Final assessment of some measured growth parameters of A. senegal in the 
different container sizes and different growing media 
 These analyses belong to the last observations which were taken after seventh month 
from sowing date, the measured growth parameters were: shoot, root length, root collar 
diameter, shoot dry weight, root dry weight, seedling dry weight, wet shoot wet root ratio, 
dry shoot dry root ratio, shoot length root length ratio.  
Final assessments data in the different growing media are presented in Table 6. These 
assessments were made for all the container sizes taken together. 
 For the shoot length, there were significant differences between shoot length in the 
clay and other growing media, and there were significant differences between shoot length in 
the silt and other growing media except for the humus, and there were significant differences 
between shoot length in the hums and other growing media except for the silt. The highest 
value was recorded for the clay (61.2 cm) and the lowest value was recorded for the sand 
(41.4 cm). On the other hand, the shoot length in the clay substrate gave the biggest value in 
mean, it was about 1.3 folds higher than the shoot length in silt substrate, and about 1.3 folds 
higher than the shoot length in humus substrate, and about 1.5 folds higher than the shoot 
length in sand substrate, and the shoot length in the silt substrate was about 1.2 folds higher 
than the shoot length in sand substrate, and their were a little differences between the shoot 
length in the silt, sand and humus substrates. 
 For the root length, there were significant differences between root length in the 
humus and other growing media, but there were no significant differences between root 
length in the sand, clay and silt. The highest value was recorded for the clay (48.8 cm) and 
the lowest value was recorded for the humus (27.7 cm). On the other hand, the root length in 
the clay substrate gave the biggest value in mean, it was about 1.8 folds higher than the root 
length in humus substrate, and there were little differences between the shoot length in the 
sand, clay and silt substrates. 
 
Table 6: Some growth parameters of A. senegal seedlings raised in different growing media 
Growing 
media 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
Sand 41.4c 48.7a 4.8  b 1.9b 
Clay 61.2a 48.8a 7.4a 5.8a 
Silt 49.1b 48.5a 4.8b 2.1b 
Humus 45.6cb 27.7b 4.4b 1.9b 
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Table 6: Continued 
Growing 
media 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
Sand 2.4b 4.4b 0.9b 0.9c 
Clay 4.5a 10.3a 1.4b 1.4b 
Silt 1.8cb 3.9cb 1.2b 1.2cb 
Humus 1.2c 3.0c 2.0a 1.9a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
    
 For the root collar diameter, there were significant differences between root collar 
diameter in the clay and other growing media, but there were no significant differences 
between root collar diameter in the sand, silt and humus media. The highest value was 
recorded for the clay (7.4 mm) and the lowest value was recorded for the humus (4.4 mm). 
On the other hand, the root collar diameter in the clay substrate gave the biggest value in 
mean, it was about 1.7 folds higher than the root collar diameter in the humus substrate, and 
about 1.5 folds higher than the root collar diameter in the silt and about 1.5 folds higher than 
the root collar diameter in the sand and there were little differences between the root collar 
diameter in the sand, silt and humus substrates.    
 For the shoot dry weight, there were significant differences between shoot dry weight 
in the clay and other growing media, but there were no significant differences between shoot 
dry weight in the silt, humus and the sand media. The highest value was recorded for the clay 
(5.8 g) and the lowest value was recorded for the sand and the humus (1.9 g). On the other 
hand, the shoot dry weight in the clay substrate gave the biggest value in mean, it was about 
2.8 folds higher than the shoot dry weight in the silt substrate, and about 3.1 folds higher 
than the shoot dry weight in silt and in the humus substrates, and there were little differences 
between the shoot dry weight in the sand, silt and humus substrates.    
For the root dry weight, there were significant differences between root dry weight in 
the clay and other growing media and there were significant differences between root dry 
weight in the sand and in the other media except for the silt, but there were no significant 
differences between root dry weight in the silt and the humus. The highest value was 
recorded for the clay (4.5 g) and the lowest value was recorded for the humus (1.2 g). On the 
other hand, the root dry weight in the clay substrate gave the biggest value in mean, it was 
about 1.9 folds higher than the root dry weight in the sand substrate, and about 2.5 folds 
higher than the root dry weight in silt substrate and about 3.8 folds higher than the root dry 
weight in humus substrate. The root dry weight in the sand substrate were about 2 folds 
higher than the root dry weight in humus substrate. There were little differences between the 
root dry weight in the silt and in the humus substrates.   
For the seedling dry weight, there were significant differences between seedling dry 
weight in the clay and the other growing media, and there were significant differences 
between seedling dry weight in the sand and in the other growing media except for the silt 
medium and there were significant differences between seedling dry weight in the sand and 
in the other growing media except for the silt medium, but there were no significant 
differences between seedling dry weight in the silt and the humus. The highest value was 
recorded for the clay (10.3 g) and the lowest value was recorded for the humus (3 g). On the 
other hand, the seedling dry weight in the clay substrate gave the biggest value in mean, it 
was about 2.3 folds higher than the seedling dry weight in the sand substrate, and about 2.6 
folds higher than the seedling dry weight in silt substrate and about 3.4 folds higher than the 
seedling dry weight in humus and the seedling dry weight in the sand substrate were about 
1.5 folds higher than the seedling dry weight in humus and their were little differences 
between the seedling dry weight in the sand and in the silt and their were little differences 
between the seedling dry weight in the silt and in the humus.    
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For the dry shoot/dry root ratio, there were significant differences between dry 
shoo/dry root ratio in the humus and other growing media and there were no significant 
differences between dry shoot/dry root ratio in the clay, sand and silt media. The highest 
value was recorded for the humus (2) and the lowest value was recorded for the sand (0.9). 
On the other hand, the dry shoot/dry root ratio in the humus substrate gave the biggest value 
in mean, it was about 1.4 folds higher than the dry shoot/dry root ratio in the clay substrate 
and of about 1.7 folds higher than of that in the silt substrate and about 2.2 folds higher than 
that in the sand and there were little differences between dry shoot/dry root ratio in the silt, 
clay and sand media.       
For the shoot length/root length ratio there were significant differences between shoot 
length/root ratio length in the humus and the other growing media and there were significant 
differences between shoot length/root length ratio in the clay and in the other growing media 
except for the silt but there were no significant differences between shoot length/root length 
ratio in the sand and in the silt media. The highest value was recorded for the humus (1.9) 
and the lowest value was recorded for the silt (1.2). On the other hand, the shoot length/root 
length ratio in the humus substrate gave the biggest value in mean, it was about 1.4 folds 
higher than the shoot length/root length ratio in the clay substrate and about 1.6 folds higher 
than of the silt and about 2.1 folds higher than the sand substrate and the shoot length/root 
length ratio in the clay substrate was about 1.6 folds higher than the shoot length/root length 
ratio in sand and the shoot length/root length ratio in the silt substrate about 1.3 folds higher 
than the shoot length/root length ratio in sand substrate and there were little differences 
between shoot length/root length ratio in the silt and in the clay media. 
Final assessments of growth parameters in the different containers are presented in 
Table 7, appendix 3. 
 
 
 
Table 7: Some growth parameters of Acacia senegal seedlings raised in various containers 
sizes 
Container 
sizes 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
8×13   cm 40.6b 41.7cb 4.5c 1.5d 
10×20 cm 43.2b 31.5c 5.1b 2.0c 
20×30 cm 53.8a 45.3b 5.6ba 3.5b 
30×40 cm 57.7a 56.6a 6.0a 4.2a 
 
Table 7: Continued 
Container 
sizes 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
8×13 cm 1.5b 3.0b 1.5a 1.1b 
10×20cm 1.9b 4.0b 1.2a 1.6a 
20×30cm 3.0a 6.5a 1.3a 1.3ba 
30×40cm 3.3a 7.5a 1.4a 1.3b 
Means with the same letter are not significantly different at p ≥ 0.05, the significance differences were assessed 
by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length in the 
two bigger container and the other containers, but there were no significant differences 
between shoot length in the two bigger container, There were no significant differences 
between shoot length in the two smaller containers. The highest value was recorded for the 
bigger container (57.7 cm) and the lowest value was recorded for the smaller container (40.6 
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cm). On the other hand, the shoot length in the bigger container (30×40 cm) gave the biggest 
value in mean, it was about 1.3 folds higher than the shoot length in the second smaller 
container and about 1.4 folds higher than the shoot length in the smaller container The shoot 
length in the second bigger container was of about 1.2 folds higher than the shoot length in 
the second smaller container and of about 1.3 folds higher than the shoot length in the 
smaller container. There were little differences between shoot length in the two bigger 
container and there were little differences between shoot length in the two smaller container.           
For the root length, there were significant differences between root length in the 
bigger container (30×40 cm) and the other containers. There were significant differences 
between root length in the second bigger container and the other containers except for the 
smaller container. There were no significant differences between root length in the smaller 
container and the second smaller. The highest value was recorded for the bigger container 
(41.7 cm) and the lowest value was recorded for the second smaller container (31.5 cm). On 
the other hand, the root length in the bigger container gave the biggest value in mean, it was 
of about 1.3 folds higher than the root length in the second bigger container and about 1.4 
folds higher than the root length in the smaller container and of about 1.8 folds higher than 
the root length in the second smaller container and the root length in the second bigger 
container was of about 1.4 folds higher than the root length in the second smaller container 
but there were little differences between root length in the second bigger container and in the 
smaller container and there were little differences between root length in the second smaller 
container and the smaller container.      
For the root collar diameter, there were significant differences between root collar 
diameter in the bigger container and the other containers except for the second bigger 
container and there were significant differences between root collar diameter in the second 
bigger container and the other except for the second smaller container and there were 
significant differences between root collar diameter in the second smaller container and the 
smaller container. The highest value was recorded for the biggest container (6 mm) and the 
lowest value was recorded for the smaller container (4.5 mm). On the other hand, the root 
collar diameter in the bigger container gave the biggest value in mean, it was of about 1.1 
folds higher than the root collar diameter in the second bigger container and of about 1.2 
folds higher than the root collar diameter in the second smaller container and of about 1.3 
folds higher than the root collar diameter in the smaller container. The root collar diameter 
in the second bigger container was of about 1.2 folds higher than the root collar diameter in 
the smaller container. The root collar diameter in the second smaller container was of about 
1.1 folds higher than the root collar diameter in the smaller container. There were little 
differences between root collar diameter in the bigger container and in the second bigger 
container and there were little differences between root collar diameter in the second bigger 
container and in the second smaller container.    
For the shoot dry weight, there were significant differences between shoot dry weight 
in the bigger container and the other containers. There were significant differences between 
shoot dry weight in the second bigger container and the other containers. There were 
significant differences between shoot dry weight in the second smaller container and the 
other containers. The highest value was recorded for the bigger container (4.2 g) and the 
lowest value was recorded for the smaller container (1.5 g). On the other hand, the shoot dry 
weight in the bigger container gave the biggest value in mean, it was about 1.2 folds higher 
than the shoot dry weight in the second bigger container and about 2.1 folds higher than the 
shoot dry weight in the second smaller container and about 2.8 folds higher than shoot dry 
weight in the smaller container. The shoot dry weight in the second bigger container was 
about 1.8 higher than the shoot dry weight in second smaller container and about 2.3 folds 
higher than the shoot dry weight in smaller container. Shoot dry weight in the second smaller 
container was of about 1.3 higher than the shoot dry weight in smaller container. 
For the root dry weight, there were significant differences between root dry weight in 
the bigger container and the other containers except for the second bigger container and there 
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were significant differences between root dry weight in the second bigger container and the 
others except for the bigger container and there were significant differences between root dry 
weight in the second smaller container and the others except for the smaller container. The 
highest value was recorded for the biggest container (3.3 g) and the lowest value was 
recorded for the smaller container (1.5 g). On the other hand, the root dry weight in the 
bigger container gave the biggest value in mean, it was of about 1.7 folds higher than the 
root dry weight in the second smaller container and about 2.2 folds higher than the root dry 
weight in the smaller container and the root dry weight in the second bigger container was 
about 1.6 folds higher than the root dry weight in the second smaller container and about 2 
folds higher than the root dry weight in the smaller container. There were little differences 
between the root dry weight in the bigger container and in the second bigger container and 
there were little differences between the root dry weight in the second smaller container and 
in the smaller container.     
For the seedling dry weight, there were significant differences between seedling dry 
weight in the bigger container and the other containers except for the second bigger 
container. There were significant differences between seedling dry weight in the second 
bigger container and the others except for the bigger container. There were significant 
differences between seedling dry weight in the second smaller container and the others 
except for the smaller container. The highest value was recorded for the bigger container (7.5 
g) and the lowest value was recorded for the smaller container (3 g). On the other hand, the 
seedling dry weight in the bigger container gave the biggest value in mean, it was about 1.9 
folds higher than the seedling dry weight in the second smaller container and about 2.5 folds 
higher than the seedling dry weight in the smaller container and the seedling dry weight in 
the second bigger container was about 1.6 folds higher than the seedling dry weight in the 
second smaller container and about 2.2 folds higher than the seedling dry weight in the 
smaller container. There were little differences between the seedling dry weight in the bigger 
container and in the second bigger container and there were little differences between the 
seedling dry weight in the second smaller container and in the smaller container.     
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio in all the containers. The highest value was recorded for the smaller 
container (1.5) and the lowest value was recorded for the second small container (1.2). There 
were little differences between the dry shoot/dry root ratio in all the containers.  
For the shoot length/root length ratio, there were significant differences between the 
shoot length/root ratio length in the second smaller container and the other containers except 
for the second bigger container and there were no significant differences between the shoot 
length/root ratio length in the smaller, second bigger and bigger containers. The highest 
value was recorded for the second smaller container (1.6) and the lowest value was recorded 
for the smaller container (1.1). On the other hand, the shoot length/root length ratio in the 
second smaller container gave the biggest value in mean, it was about 1.2 folds higher than 
the shoot length/root length ratio in the bigger container and about 1.5 folds higher than the 
shoot length/root length ratio in the smaller container. There were little differences between 
the shoot length/root length ratio in the smaller, second bigger and bigger containers.  
 
4-4-6- Assessment of A. senegal growth parameters in different media without 
consideration to the container sizes   
The performance of shoot length of A. senegal seedlings was in the following order 
in the different media: Clay > Silt > Humus > Sand.   
The performance of root length of A. senegal seedlings was in the following order in 
the different media: Sand > Clay > Silt > Humus.   
The performance of shoot dry weight of A. senegal seedlings was in the following 
order in the different media: Clay > Silt > Sand > Humus.  
The performance of root dry weight of A. senegal seedlings was in the following 
order in the different media: Clay > Sand > Silt > Humus  
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The performance of root collar diameter of A. senegal seedlings was in the following 
order in the different media: Clay > Silt = Sand > Humus. 
The performance of seedling dry weight of A. senegal seedlings was in the following 
order in the different media: Clay > Sand >  Silt > Humus. 
The performance of dry shoot weight/dry root weight ratio of A. senegal seedlings 
was in the following order in the different media: Humus > Clay >  Silt > Sand.  
The performance of shoot length/root length ratio of A. senegal seedlings was in the 
following order in the different media: Humus > Clay >  Silt > Sand. 
The performance of growth parameters of this species did not show a definite trend 
vis- a- vis to the soil type (noticeably clay and sand). It is worth to mention that the species is 
naturally found in sandy and clay soils. But it is believed that its performance is best in the 
sandy soils, where its gum production is relatively higher. The root length was longer in the 
sand than in the clay medium, this could be due to the fact that the plant exerted more efforts 
in developing the root system in the sand for search of water and nutrients, and for search of 
firm anchorage in the this loose medium. While the clay which has more nutrients and water 
reserves, and being firm doesn’t oblige the plant to exert more efforts in search of these 
requirements and most its growth potentials are directed directly to the development of the 
vegetative growth of the shoot. On the other hand, the growth trends of this species are 
similar to those traced for the two other species. Therefore, the arguments and reasoning 
given for the previous species are also applicable to this one; though the magnitudes of the 
values of growth parameters of A. senegal are lower than of A. lebbeck and T. indica. 
 
4-4-7- Assessment of A. senegal growth parameters in the different container sizes 
without consideration to the media types 
The performance of shoot length of A. senegal seedlings was in the following order 
in the different container sizes: container 30×40 cm >20×30 cm > 10×20 cm > 8×13 cm.  
The performance of root length of A. senegal seedlings was in the following order in 
the different container sizes: container 30×40 cm > 20×30 cm > 8×13  cm > 10×20 cm.  
The performance of shoot dry weight of A. senegal seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm > 8×13 
cm.  
The performance of root dry weight of A. senegal seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm > 8×13 
cm. 
The performance of root collar diameter of A. senegal seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20  cm > 8×13 
cm.  
The performance of seedling dry weight of A. senegal seedlings was in the following 
order in the different container sizes: container 30×40 cm > 20×30 cm > 10×20 cm > 8×13 
cm.  
The performance of dry shoot weight/dry root weight ratio of A. senegal seedlings 
was in the following order in the different container sizes: container 8×13 cm > 30×40 cm > 
30×20cm > 10×20 cm.  
The performance of shoot length/root length ratio of A. senegal seedlings was in the 
following order in the different container sizes: container 10×20 cm > 30×40 = 30×20 cm  
>8×13 cm. 
Generally, the results obtained for A. senegal seedlings showed the same trend as for 
T. indica and A. lebbeck but the values of the studied parameters had a lower magnitude than 
those recorded for the two other species. 
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4-5- Comparative effects of growing media and containers sizes on growth and 
development of Tamarindus indica, Acacia senegal and Albizia lebbeck 
4-5-1- Temporal development of shoot length of all the species in the sand 
  In the smaller container (8×13 cm), shoot length growth of A. senegal showed the 
biggest growth rate as compared to that of the two other species with a mean increment of 
about 2.7 cm per month. Seedlings of T. indica grew up with a higher parallel rate to that of 
A .lebbeck with an increment of about 1.9 cm per month. But the growth in these two species 
was almost identical in the sixth and seventh months. Generally, growth rate of T. indica was 
nearly mid-way between seedlings growth of A. senegal and A.lebbeck. Shoot growth of the 
A. lebbeck showed the lowest growth rate as compared to that of the two other species 
(Figure 25a). 
In the second smaller container (10×20 cm), seedling length development of A. 
senegal showed the biggest growth rate as compared to that of the other species with a mean 
increment of about 3 cm per month. Shoot hight of A. lebbeck continued with a lower 
parallel rate to that of the  A. senegal. Shoot hight of T. indica continued with a steadily 
increment of about 1.5 cm per month. Generally, the growth rate of this species showed the 
lowest rate as compared to that of other the species, but their growth was higher than that of 
A. lebbeck till the third month and the growth of the two species became identical in the 
fourth month (Figure 25b). 
 In the second bigger container (20×30 cm), shoot length growth of A. senegal showed 
the biggest rate as compared to that of the other species with a mean increment of about 4 cm 
per month. Seedlings growth rates of T. indica went up with a higher parallel level to that of 
A. lebbeck  and with lower parallel level to that of A. senegal with an increment of about 3.7 
cm per month. Shoot growth of  A. lebbeck seedlings showed the lowest rate as compared to 
that of the other species (Figure 25c).   
 In the bigger container (30×40 cm), seedling growth of A. senegal showed the biggest 
rate as compared to that of the other species with a mean increment of about 6.5 cm per 
month. Seedlings growth rates of T. indica went up with a higher parallel level to that of A. 
lebbeck  and with a lower level to that of A. senegal with an increment of about 3.9 cm per 
month. The shoot growth rate of T. indica  to be very close to the shoot growth of A. lebbeck 
in the last months. Shoot growth of the A. lebbeck showed the lowest rate as compared to 
that of the other species (Figure 25d). 
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Figure 25a: Shoot height development of all species in the sand and in container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 25b: Shoot height development of all species in the sand and in container with 
size 10×20 cm, A. senegal seedlings were one month late 
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Figure 25c: Shoot height development of all species in the sand and in container with 
size 20×30 cm, A. senegal seedlings were one month late 
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Figure 25d: Shoot height development of all species in the sand and in container with 
size 30×40 cm, A. senegal seedlings were one month late 
 
4-5-2- Temporal development of Shoot length of all the species in the clay 
In the smaller container with size (8×13 cm), shoot length growth of A. senegal and  
T. indica  were almost identical till the fifth month from sowing date. After that time, shoot 
growth of T. indica  distincted with a higher mean increment of about 7.8 cm per month as 
the biggest growth rate and shoot growth of A. senegal continued with an increment of about 
6.4 cm. Seedlings growth of T. indica went on with almost a steady rate of about 5 cm per 
month (Figure 26a). 
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 In the second smaller container (10×20 cm), seedling length development of A. 
senegal showed the biggest rate as compared to that of the other species with a mean 
increment of about 6.6 cm per month. Shoot highht of A.lebbeck and T. indica  grew up to 
the same rate of about 10.3 cm increment per month till the fourth month. After that time, 
shoot growth of T. indica distincted with a higher rate and the shoot growth of A.lebbeck 
continued with a lower rate, the growth here showed the lowest rate between all the species 
(Figure 26b).    
 In the second bigger container with size (20×30 cm), shoot length development of A. 
senegal showed the biggest rate as compared to that of the other species till the eighth 
month. After that time, the growth continued with steadily rate and achieved the lowest 
growth rate between all the species. Shoot highht of A. lebbeck grew up with an increment of 
about 11.4 cm per month, the growth here showed the biggest rate till the sixth month from 
sowing. Shoot height of T. indica grew up with an increment of about 12.3 cm per month, it 
was the highest rate between all the species in the end of the observing period (Figure 26c). 
In the bigger container (30×40 cm), seedling height of A. senegal showed the biggest 
growth rate as compared to that of the other species till the fifth month. After that time, the 
growth continued with a lower rate to that of T. indica and closely to that of A. lebbeck 
seedling. Shoot height of A. lebbeck grew up with an increment of about 10.6 cm per month, 
the growth here showed the lowest rate till the seventh month from sowing. Shoot height of 
T. indica grew up with an increment of about 11.4 cm per month, their growth showed the 
highest rate compared to the other species from the sixth month and on wards (Figure 26d). 
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Figure 26a: Shoot height development of all species in the clay and in container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 26b: Shoot height development of all species in the clay and in container with 
size 10×20 cm, A. senegal seedlings were one month late 
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Figure 26c: Shoot height development of all species in the clay and in container with 
size 20×30 cm, A. senegal seedlings were one month late 
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Figure 26d: Shoot height development of all species in the clay and in container with 
size 30×40 cm, A. senegal seedlings were one month late 
 
4-5-3- Temporal development of Shoot length of all the species in the silt 
In the smaller container (8×13 cm), shoot length development of A. senegal showed 
the highest rate as compared to that of the other species till the fifth month. After that time, 
the growth continued with almost steady rate and showed the lowest rate to the end. Shoot 
height of A. lebbeck grew up with an increment of about 6.5 cm per month, the growth here 
showed the highest rate towards the end of the monitoring period. Shoot height of T. indica 
grew up with an increment of about 5.7 cm per month, its growth showed the lowest growth 
rate among all the species till the sixth month from sowing. After that time, shoot growth 
rate followed a mid path way between A. senegal and A. lebbeck (Figure 27a). 
 In the second smaller container (10×20 cm), Shoot growth of A. lebbeck and A. 
senegal went up to the same rate till the fourth month. After that time, shoot growth of A. 
lebbeck distincted with higher rate of about 9.4 cm increment per month, it's growth  showed 
the biggest growth rate as compared to that of the other species and the shoot growth of A. 
senegal continued with a lower rate as compared to that of the other species. Shoot height of 
T. indica went on nearly with the same average growth to that of A. senegal until the sixth 
month and afterwards distincted with a higher rate (Figure 27b).  
In the second bigger container (20×30 cm), shoot  length development of A. lebbeck 
showed the biggest growth rate as compared to that of the other species with an increment of 
about 10.5 cm per month. Shoot height of T. indica grew up with an increment of about 6.9 
cm per month, there growth showed the lowest rate till the seventh month from sowing, 
afterwards the growth increased and became faster than of that of A. senegal. Shoot height of 
A. senegal grew up with the same average to that of A. lebbeck till the fourth month from 
sowing with an increment of about 6.9 cm per month (Figure 27c).  
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In the bigger container (30×40 cm), shoot  length development of A. lebbeck showed 
the biggest rate as compared to that of the other species with an increment of about 13 cm 
per month. Shoot height of T. indica grew up with an increment of about 8.7 cm per month, 
there growth showed the lowest rate till the sixth month from sowing, afterwards the growth 
increased and became faster than that of A. senegal. Shoot height of A. senegal grew up with 
the same average to that of A. lebbeck till the fifth month from sowing, with an increment of 
about 6.1 cm per month (Figure 27d).          
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Figure 27a: Shoot height development of all species in the silt in container with size 
8×13 cm, A. senegal seedlings were one month late 
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Figure 27b: Shoot height development of all species in the silt and in container with size 
10×20cm, A. senegal seedlings were one month late 
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Figure 27c: Shoot height development of all species in the silt and in container with size 
20×30cm, A. senegal seedlings were one month late 
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Figure 27d: Shoot height development of all species in the silt and in container with size 
30×40cm, A. senegal seedlings were one month late 
 
4-5-4- Temporal development of shoot length of all the species in the humus 
In the smaller container (8×13 cm), shoot length development of A. senegal showed 
the biggest rate as compared to that of the other species with an increment of about 4.6  cm 
per month. After the third month, shoot height of T. indica and A. lebbeck grew up with the 
same rate till the fifth month. After that time, the growth of A. lebbeck distincted with a 
higher rate and with an increment of about 4.6 cm per month. And the growth of T. indica 
showed the lowest rate between all the other species (Figure 28a). 
In the second smaller container (10×20 cm), shoot height of T. indica showed the 
lowest rate as compared to that of the other species with an increment of about 3.5 cm. Shoot 
length development of A. senegal showed the biggest rate as compared to that of the other 
species with an increment of about 4.4  cm per month. Shoot length development of A. 
lebbeck went on with an increment of about 4.6 cm per month, there the growth occurred at a 
mid-way path between the shoot growth of A. senegal and T. indica till the fifth month and 
from the sixth month on wards the growth became almost identical to that of A. senegal 
(Figure 28b). 
In the second bigger container (20×30 cm), shoot height of all the species was 
identical till the fourth month from sowing. After that time, shoot growth of A. lebbeck 
distincted with a higher rate and with an increment of about 8.7 cm per month, then it 
showed the biggest rate as compared to that of the other species till the end. Shoot height of  
A. senegal showed the biggest growth rate as compared to the other species till the fifth 
month and with an increment of about 11.4 cm per month. Afterwards the growth went on 
with steady lower rate as compared to the other species till the end. Shoot height of T. indica 
grew up with an increment of about 8.1 cm per month and it growth tended to approach that 
of A. lebbeck progressively (Figure 28c). 
In the bigger container (30×40 cm), generally the lowest growth rate of the shoot was 
that of A. senegal seedlings with an increment of about 7.9 cm per month and the biggest 
growth rate was that of T. indica seedlings with an increment of about 10.1 cm per month. 
Shoot height of A. lebbeck seedlings grew up with an increment of about 10.9 cm per month 
and in the latest three months of the monitoring period thire growth became nearly identical 
(Figure 28d). 
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Figure 28a: Shoot height development of all species in the humus in container with size 
8×13 cm, A. senegal seedlings were one month late 
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Figure 28b: Shoot height development of all species in the humus in container with size 
10×20 cm, A. senegal seedlings were one month late 
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Figure 28c: Shoot height development of all species in the humus in container with size 
20×30cm, A. senegal seedlings were one month late 
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Figure 28d: Shoot height development of all species in the humus in container with size 
30×40cm, A. senegal seedlings were one month late 
 
4-6- Comparative effects of growing media and containers sizes on growth and 
development of Tamarindus indica, Acacia senegal and Albizia lebbeck 
4-6-1- Temporal development of root length of all the species in the sand 
 In the smaller container (8×13 cm), root growth of T. indica showed the biggest 
growth rate among the two other species with a mean increment of about 3 cm per month. 
Root growth rates of A. lebbeck and A. senegal seedlings were almost identical, but the root 
growth of A. lebbeck was slightly higher than that of A. senegal (Figure 29a). 
In the second smaller container (10×20 cm), root development of T. indica showed the 
biggest growth rate among the two other species with a mean increment of about 7.4 cm per 
month. Root growth of A. lebbeck showed the lowest growth rate as compared to the other 
species, but later root growth became closer to that of A. senegal. Root growth of A. senegal 
seedlings continued with a steady increment of about 6.6 cm per month. Generally, their 
growth rate was mid-way among the others (Figure 29b). 
 In the second bigger container (20×30 cm), root length growth of A. senegal showed 
the lowest growth rate among the two other species. Roots of A. lebbeck grew up with the 
biggest rate with a mean increment of about 7.5 cm per month. Root of T. indica grew up 
with a mean increment of about 6.7 cm per month. Generally, the root growth of all the 
species was almost the same (Figure 29c).  
 In the bigger container (30×40 cm), root growth of A. lebbeck  showed the lowest rate 
among the two other species with a mean increment of about 7 cm per month. Root growth 
of A. senegal went on with an increment of about 9.3 cm per month, the growth rate showed 
the highest level till the fifth month. Root growth of T. indica went on with an increment of 
about 15.4 cm per month the root growth showed the biggest rate among the two other 
species from the sixth month and on wards (Figure 29d). 
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Figure 29a: Root length development of all species in the sand and in the container with 
size 8×13 cm, A. senegal seedlings were one month late 
0
5
10
15
20
25
30
35
40
45
50
55
60
65
July Aug. Sep. Oct. Nov.
Months
L
en
gt
h 
(c
m
)
T. indica
 A. lebbeck 
A. senega
 
Figure 29b: Root length development of all species in the sand and in the container with 
size 10×20 cm, A. senegal seedlings were one month late 
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Figure 29c: Root length development all species in the sand and in the container with 
size 20×30 cm, A. senegal seedlings were one month late 
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Figure 29d: Root length development of all species in the sand and in the container with 
size 30×40 cm, A. senegal seedlings were one month late 
 
4-6-2- Temporal development of root length of all the species in the clay 
In the smaller container (8×13 cm), root growth of T. indica showed the biggest rate 
as compared to that of all the species with a mean increment of about 2.4 cm per month. 
Root growth of A. senegal showed the lowest growth rate among the two other species with a 
mean increment of about 4.6 cm per month, but progressively the growth became closer that 
of A. lebbeck. Root growth of A. lebbeck fell mid-way among the others (Figure 30a). 
 In the second smaller container (10×20 cm), root length development of A. senegal 
showed the biggest rate among the two other species with a mean increment of about 1.6 cm 
per month. Root growth of A. lebbeck showed the lowest growth rate among the two other 
species. Root length of T. indica grew up in a mid-way path to the other species, but 
gradually the growth approached that of A. senegal (Figure 30b).   
 In the second bigger container (20×30 cm), root length development of A. senegal 
showed the biggest rate among the two other species with an increment of about 4.8 cm per 
month. Root growth of A. lebbeck showed the lowest rate among all the other species. Root 
length of T. indica  grew in a mid-way path to the other species with an increment of about 
4.6 cm per month (Figure 30c). 
In the bigger container (30×40 cm), root growth of T. indica and A. lebbeck was 
almost identical till the fourth month. After that time, T. indica roots grew up with a higher 
rate of about 6.8 cm. Root growth of A. lebbeck, after the fourth month showed the lowest 
rate among the two other species except in the fifth month. Roots of A. senegal grew up with 
the lowest rate till the fifth month then, continued with a bigger rate until the end of 
monitoring period. Generally, root growth of all the species was almost identical (Figure 
30d). 
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Figure 30a: Root length development of all species in the clay and in the container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 30b: Root length development of all species in the clay and in the container with 
size 10×20 cm, A. senegal seedlings were one month late 
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Figure 30c: Root length development of all species in the clay and in the container with 
size 20×30 cm, A. senegal seedlings were one month late 
 89
0
5
10
15
20
25
30
35
40
45
50
55
60
65
July Aug. Sep. Oct. Nov.
Months
L
en
gt
h 
(c
m
)
T. indica
 A. lebbeck 
A. senegal
 
Figure 30d: Root length development of all species in the clay and in container with size 
30×40 cm, A. senegal seedlings were one month late 
 
4-6-3- Temporal development of root length of all the species in the silt  
In the smaller container (8×13 cm), root growth of A. lebbeck showed the biggest rate 
among the two other species with an increment of about 8 cm per month. Root length of A. 
senegal showed the lowest rate among the two other species with an increment of about 6.2 
cm per month. After the fourth month from sowing, root length of T. indica was almost 
identical to that of A. senegal, but slightly at a higher parallel level (Figure 31a). 
 In the second smaller container (10×20 cm), root growth of A. lebbeck after the 
fourth month showed the biggest rate among the two other species with an increment of 
about 11.3 cm per month. Root length of A. senegal showed the lowest rate among the two 
other species after the sixth month with an increment of about 6.3 cm per month. After the 
fifth month, root length of T. indica grew up with a higher rate than that of  A. senegal 
(Figure 31b).  
In the second bigger container (20×30 cm), root growth of A. lebbeck after the sixth 
month showed the biggest rate among the two other species with an increment of about 9.8 
cm per month. Root length of A. senegal showed the lowest rate among the two other species 
after the sixth month with an increment of about 7.8 cm per month. Root length of T. indica 
grew up with higher rate than that of the A. senegal after the fifth month, their growth 
showed mid- way among the other species (Figure 31c).  
In the bigger container with size (30×40 cm), root growth of A. lebbeck after the fifth 
month showed the biggest growth rate among the two other species with an increment of 
about 9 cm per month. Root length of T. indica showed the lowest growth rate among the 
two other species except for the eighth month with an increment of about 8.5 cm per month. 
Root length of A. senegal grew up at a higher rate to that of  T. indica and fell mid- way 
among the other species (Figure 31d).  
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Figure 31a: Root length development of all species in the silt in the container with size 
8×13 cm, A. senegal seedlings were one month late 
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Figure 31b: Root length development of all species in the silt and in the container with 
size 10×20cm, A. senegal seedlings were one month late 
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Figure 31c: Root length development of all species in the silt and in the container with 
size 20×30cm, A. senegal seedlings were one month late 
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Figure 31d: Root length development of all species in the silt and in the container with 
size 30×40cm, A. senegal seedlings were one month late 
 
4-6-4- Temporal development of root length of all the species in the humus     
In the smaller container (8×13 cm), root length of A. senegal showed the biggest 
growth rate among the two other species with an increment of about 2.6  cm per month. Root 
growth of A. lebbeck showed the lowest rate among the two other species with an increment 
of about 0.8  cm per month. Root growth of T. indica continued with an increment of about 
3.1 cm per month and it progressively became closer to that of A. senegal (Figure 32a). 
In the second smaller container (10×20 cm), root growth of T. indica showed the 
biggest rate among the two other species with an increment of about 1.2 cm. Root length 
development of A. lebbeck showed the lowest growth rate among the two other species with 
an increment of about 0.7  cm per month. Root length development of A. senegal went on 
with an increment of about 1.1 cm per month it was closer to that of T. indica (Figure 32b). 
In the second bigger container (20×30 cm), root growth of A. lebbeck and T. indica 
was identical till the fifth month from sowing. After that time, root growth of T. indica 
continued with a higher rate and with about 3.2 cm increment per month. The growth 
showed the biggest rate among the two other species. Root growth of A. lebbeck continued 
with an increment of about 22 cm per month. Its rate fell mid-way among the two other 
species, especially after the sixth month from sowing. Root growth of A. senegal showed the 
lowest rate among the two other species studied (Figure 32c). 
In the bigger container (30×40 cm), generally the lowest growth rate of the root was 
of that of A. senegal seedlings with an increment of about 2.8 cm per month and the biggest 
growth rate was that of A. lebbeck seedlings with an increment of about 4.5 cm per month, 
especially after the seventh month. Root length of T. indica seedlings grew up with an 
increment of about 4.1 cm per month and became almost identical to that of A. lebbeck 
seedlings (Figure 32d). 
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Figure 32a: Root length development of all species in the humus in the container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 32b: Root length development of all species in the humus in the container with 
size 10×20 cm, A. senegal seedlings were one month late 
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Figure 32c: Root length development of all species in the humus in the container with 
size 20×30cm, A. senegal seedlings were one month late 
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Figure 32d: Root length development of all species in the humus in the  container with 
size 30×40cm, A. senegal seedlings were one month late 
 
4-7- Comparative effects of growing media and containers sizes on growth and 
development of Tamarindus indica, Acacia senegal and Albizia lebbeck 
4-7-1- Temporal development of shoot dry weight of all the species in the sand 
 In the smaller container (8×13 cm), shoot dry weight development of A. lebbeck 
showed the biggest rate among the two other species with a mean increment of about 0.7 cm 
per month. Shoot dry weight development of T. indica and A. senegal seedlings was almost 
identical till the seventh month. After that time, the shoot dry weight of T. indica distincted 
with a higher rate (Figure 33a). 
In the second smaller container (10×20 cm), shoot dry weight development of A. 
lebbeck showed the biggest rate among the two other species with a mean increment of about 
1.2 cm per month. Shoot dry weight of T. indica showed the lowest rate as compared to the 
other species. Shoot dry weight of A. senegal grew up at a higher parallel level to that of T. 
indica with a mean increment of about 0.2 cm per month (Figure 33b). 
 In the second bigger container size (20×30 cm), shoot dry weight development of A. 
lebbeck showed the biggest rate among the two other species with a mean increment of about 
1.2 cm per month. Shoot dry weight of A. senegal showed the lowest rate as compared to the 
other species. Shoot dry weight of T. indica grew up at a higher parallel level to that of A. 
senegal with a mean increment of about 0.5 cm per month (Figure 33c).  
 In the bigger container (30×40 cm), shoot dry weight of A. lebbeck showed the 
biggest rate among the two other species with a mean increment of about 2.1 cm per month. 
Shoot dry weight of A. senegal showed the lowest rate as compared to the other species. 
Shoot dry weight of T. indica grew up at a higher parallel level to that of A. senegal with a 
mean increment of about 0.3 cm per month (Figure 33d).  
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Figure 33a: Shoot dry weight development of all species in the sand and in the 
container with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 33b: Shoot dry weight development of all species in the sand and in the 
container with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 33c: Shoot dry weight development all species in the sand and in the container 
with size 20×30 cm, A. senegal seedlings were one month late 
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Figure 33d: Shoot dry weight development of all species in the sand and in the 
container with size 30×40 cm, A. senegal seedlings were one month late 
 
4-7-2- Temporal development of shoot dry weight of all the species in the clay 
In the smaller container (8×13 cm), shoot dry weight development of A. lebbeck 
showed the biggest rate as compared to that of all the species with a mean increment of about 
0.9 cm per month. Root growth of A. senegal showed the lowest rate among the two other 
species with a mean increment of about 0.2 cm per month. Root growth of T. indica grew up 
at a lower parallel level to that of A.lebbeck (Figure 34a). 
 In the second smaller container (10×20 cm), shoot dry weight development of A. 
lebbeck showed the biggest rate among the two other species with a mean increment of about 
2.1 cm per month. Root dry weight development of A. senegal showed the lowest rate among 
the two other species. Root dry weight development of T. indica went on at a higher parallel 
level to that of A. senegal with a mean increment of about 1 cm per month (Figure 34b). 
 In the second bigger container (20×30 cm), shoot dry weight development of A. 
lebbeck showed the biggest rate among the two other species with an increment of about 3.9 
cm per month. Root dry weight development of A. senegal showed the lowest rate among the 
two other species. Root dry weight development of T. indica went on at a higher rate to that 
of A. senegal with a mean increment of about 2.3 cm per month (Figure 34c). 
In the bigger container (30×40 cm), shoot dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 4.8 cm per 
month. Shoot dry weight development of A. senegal showed the lowest rate among the two 
other species. Shoot dry weight development of T. indica went on with higher rate to that of 
A. senegal at a mean increment of about 3.2 cm per month (Figure 34d). 
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Figure 34a: Shoot dry weight development of all species in the clay and in the container 
with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 34b: Shoot dry weight development of all species in the clay and in the container 
with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 34c: Shoot dry weight development of all species in the clay and in the container 
with size 20×30 cm, A. senegal seedlings were one month late 
01
23
45
67
89
1011
1213
1415
1617
1819
2021
2223
July Aug. Sep. Oct. Nov.
 Months
W
ei
gh
t (
g) T. indica
 A. lebbeck 
A. senegal
 
Figure 34d: Shoot dry weight development of all species in the clay and in container 
with size 30×40 cm, A. senegal seedlings were one month late 
 
4-7-3- Temporal development of shoot dry weight of all the species in the silt 
In the smaller container (8×13 cm), shoot dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 1.4 cm per 
month. Shoot dry weight of A. senegal showed the lowest rate among the two other species 
with an increment of about 0.2 cm per month. Shoot dry weight of T. indica grew up at a 
higher rate to that of A. senegal with a mean increment of about 0.7 cm per month (Figure 
35a). 
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 In the second smaller container (10×20 cm), shoot dry weight in this container was 
very similar to that outlined for the 8×13 cm container (Figure 35b).  
In the second bigger container (20×30 cm), shoot dry weight in these container was 
very similar to that outlined for the 8×13 and 10×20 cm containers (Figure 35c).  
In the bigger container (30×40 cm), shoot dry weight in this container was very 
similar to that outlined for the previous containers (Figure 35d).          
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Figure 35a: Shoot dry weight development of all species in the silt in the container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 35b: Shoot dry weight development of all species in the silt and in the container 
with size 10×20cm, A. senegal seedlings were one month late 
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Figure 35c: Shoot dry weight development of all species in the silt and in the container 
with size 20×30cm, A. senegal seedlings were one month late 
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Figure 35d: Shoot dry weight development of all species in the silt and in the container 
with size 30×40cm, A. senegal seedlings were one month late 
 
4-7-4- Temporal development of shoot dry weight of all the species in the humus     
In the smaller container (8×13 cm), shoot dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 0.5  cm per 
month. Shoot dry weight development of A. senegal and T. indica was almost identical, but 
the shoot dry weight built up of A. senegal was slightly higher (Figure 36a). 
In the second smaller container (10×20 cm), shoot dry weight in this container was 
very similar to that outlined for the 8×13 cm container, but the shoot dry weight built up of 
T. indica was slightly higher than that of A. senegal (Figure 36b). 
In the second bigger container (20×30 cm), shoot dry weight in this container was 
very similar to that outlined for the 8×13 and 10×20 cm containers (Figure 36c). 
In the bigger container (30×40 cm), shoot dry weight in this container was very 
similar to that outlined for the previous container (Figure 36d). 
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Figure 36a: Shoot dry weight development of all species in the humus in the container 
with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 36b: Shoot dry weight development of all species in the humus in the container 
with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 36c: Shoot dry weight development of all species in the humus in the container 
with size 20×30cm, A. senegal seedlings were one month late 
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Figure 36d: Shoot dry weight development of all species in the humus in the  container 
with size 30×40cm, A. senegal seedlings were one month late 
 
4-8- Comparative effects of growing media and containers sizes on growth and 
development of Tamarindus indica, Acacia senegal and Albizia lebbeck 
4-8-1- Temporal development of root dry weight of all the species in the sand 
 In the smaller container (8×13 cm), root dry weight development of A. lebbeck 
showed the biggest rate among the two other species with a mean increment of about 1.1 cm 
per month. Root dry weight development of A. senegal seedlings showed the lowest rate 
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among the two other species. Root dry weight development of T. indica went on at a higher 
rate to that of A. senegal with a mean increment of about 0.4 cm per month (Figure 37a). 
In the second smaller container (10×20 cm), root dry weight development of A. lebbeck 
showed the biggest rate among the two other species with a mean increment of about 1.5 cm 
per month. Root dry weight built up of T. indica and A. senegal was almost identical (Figure 
37b). 
 In the second bigger container (20×30 cm), root dry weight development of A. 
lebbeck showed the biggest rate among the two other species with a mean increment of about 
2.7 cm per month. Root dry weight built up of T. indica, A. senegal showed the lowest rate 
among the two other species. Root dry weight built up of T. indica  went on at a higher rate 
to that of A. senegal with a mean increment of about 0.9 cm per month. (Figure 37c).  
 In the bigger container (30×40 cm), root dry weight in this container was very similar 
to that outlined for the 20×30 cm container (Figure 37d). 
0
1
2
3
4
5
6
July Aug. Sep. Oct. Nov.
Months
W
ei
gh
t (
g) T. indica
 A. lebbeck 
A. senegal
 
Figure 37a: Root dry weight development of all species in the sand and in the container 
with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 37b: Root dry weight development of all species in the sand and in the container 
with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 37c: Root dry weight development all species in the sand and in the container 
with size 20×30 cm, A. senegal seedlings were one month late 
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Figure 37d: Root dry weight development of all species in the sand and in the container 
with size 30×40 cm, A. senegal seedlings were one month late 
 
4-8-2- Temporal development of root dry weight of all the species in the clay 
In the smaller container (8×13 cm), root dry weight development of A. lebbeck 
showed the biggest rate as compared to that of all the species with a mean increment of about 
1.3 cm per month. Root weight built up of A. senegal and A. lebbeck was almost identical till 
the fifth month. After that time, the root weight of A. senegal distincted with higher rate and 
with a mean increment of about 0.5 cm per month. Root weight built up of A. lebbeck 
showed the lowest rate among the two other species with a mean increment of about 0.3 cm 
per month (Figure 38a). 
 In the second smaller container (10×20 cm), root dry weight development was very 
similar to that outlined for the 8×13 cm container (Figure 38b). 
 In the second bigger container (20×30 cm), root dry weight development was very 
similar to that outlined for the 8×13 and 10×20 cm containers (Figure 38c). 
In the bigger container (30×40 cm), root dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 4.7 cm per 
month. Root dry weight development of T. indica showed the lowest rate among the two 
other species till the sixth month. After that time, dry matter built up increased and became 
higher than that of A. senegal. Root dry weight development of A. senegal went on with a 
mean increment of about 1.2 cm per month (Figure 38d). 
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Figure 38a: Root dry weight development of all species in the clay and in the container 
with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 38b: Root dry weight development of all species in the clay and in the container 
with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 38c: Root dry weight development of all species in the clay and in the container 
with size 20×30 cm, A. senegal seedlings were one month late 
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Figure 38d: Root dry weight development of all species in the clay and in container 
with size 30×40 cm, A. senegal seedlings were one month late 
 
4-8-3- Temporal development of root dry weight of all the species in the silt 
In the smaller container (8×13 cm), root dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 1.5 cm per 
month. Root dry weight of A. senegal showed the lowest rate among the two other species 
with an increment of about 0.3 cm per month. Root dry weight of T. indica grew up at a 
higher growth rate to that of A. senegal with a mean increment of about 0.5 cm per month 
(Figure 39a). 
 In the second smaller container (10×20 cm), root dry weight in this container was 
very similar to that outlined for the 8×13 cm container (Figure 39b).  
In the second bigger container (20×30 cm), root dry weight in this container was very 
similar to that outlined for the 8×13 and 10×20 cm containers (Figure 39c).  
In the bigger container (30×40 cm), root dry weight in this container was very similar 
to that outlined for the previous containers (Figure 39d).          
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Figure 39a: Root dry weight development of all species in the silt in the container with 
size 8×13 cm, A. senegal seedlings were one month late 
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Figure 39b: Root dry weight development of all species in the silt and in the container 
with size 10×20cm, A. senegal seedlings were one month late 
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Figure 39c: Root dry weight development of all species in the silt and in the container 
with size 20×30cm, A. senegal seedlings were one month late 
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Figure 39d: Root dry weight development of all species in the silt and in the container 
with size 30×40cm, A. senegal seedlings were one month late 
 
4-8-4- Temporal development of root dry weight of all the species in the humus     
In the smaller container (8×13 cm), root dry weight development of A. lebbeck 
showed the biggest rate among the two other species with an increment of about 0.8  cm per 
month. Root dry weight development of A. senegal and T. indica was almost identical, but 
the root dry weight built up of A. senegal was slightly higher till the seventh month and after 
that time, the growth became identical (Figure 40a). 
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In the second smaller container (10×20 cm), root dry weight development of A. 
lebbeck showed the biggest rate among the two other species with an increment of about 0.8 
cm per month. Root dry weight of T. indica showed the lowest rate among the two other 
species after the fifth month. Root dry weight of A. senegal grew up at a slightly higher rate 
to that of A. senegal especially after the fifth month (Figure 40b). 
In the second bigger container (20×30 cm), root dry weight development of A. 
lebbeck showed the biggest rate among the two other species with an increment of about 2.2  
cm per month. Root dry weight development of T. indica showed the lowest growth rate with 
an increment of about 0.3  cm per month. Root dry weight development of A. senegal went 
on with an increment of about 0.4  cm per month, and at a slightly lower rate to that of T. 
indica. Generally, root dry weight development of A. senegal and T. indica was close to each 
other (Figure 40c). 
In the bigger container (30×40 cm), root dry weight in this container was very similar 
to that outlined for the 20×30 cm container, but the root dry weight of  T. indica was slightly 
higher than that of A. senegal (Figure 40d). 
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Figure 40a: Root dry weight development of all species in the humus and in the 
container with size 8×13 cm, A. senegal seedlings were one month late 
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Figure 40b: Root dry weight development of all species in the humus and in the 
container with size 10×20 cm, A. senegal seedlings were one month late 
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Figure 40c: Root dry weight development of all species in the humus and in the 
container with size 20×30cm, A.  senegal seedlings were one month late 
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Figure 40d: Root dry weight development of all species in the humus and in the  
container with size 30×40cm, A. senegal seedlings were one month late  
 
4-9- Final assessment of some growth parameters of all the species in the smaller 
container (8×13 cm) and in the sand 
 These analyses belong to the last observations which were taken after eighth months 
from sowing date of T. indica and A. lebbeck seedlings, but after seventh months from 
sowing date of A. senegal seedlings, the measured growth parameters were: shoot, root 
length, root collar diameter, shoot dry weight, root dry weight, seedling dry weight, wet 
shoot wet root ratio, dry shoot dry root ratio, shoot length root length ratio. 
 Final assessments data are presented in Table 8; these assessments were made for all 
the species in the smaller container (8×13 cm) and in the sand. 
For the shoot length, there were no significant differences between shoot lengths of 
all the studied species. The highest value was recorded for T. indica seedlings (29.3 cm) and 
the lowest value was recorded for A. senegal seedlings (27.5 cm). There were little 
differences between the shoot length of all the species.          
For the root length, there were no significant differences between root lengths of all 
the studied species. The highest value was recorded for T. indica seedlings (67.4 cm) and the 
lowest value was recorded for A. lebbeck seedlings (39.4 cm). There were differences 
between the root length of A. lebbeck and A. senegal, but there was more than 26 cm 
difference in the root length between these two species and T. indica. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (6 mm) and the lowest value was recorded for T. 
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indica (3.4 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave the 
biggest value in mean, it was about 1.4 folds higher than the root collar diameter of A. 
senegal seedlings and of about 1.8 folds higher than the root collar diameter of T. indica 
seedlings. There were little differences between root collar diameter of T. indica,  A. senegal 
seedlings. 
 
Table 8: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised in 
the smaller container (8×13 cm) and in the sand 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    29.3a 67.4a 3.4b 1.7b 
A. lebbeck 27.6a 39.4a 6.0a 3.7a 
A. senegal 27.5a 41.0a 4.3b 1.3b 
 
Table 8: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/root 
length ratio 
T. indica  2.7b 4.4b 0.6a 0.5a 
A. lebbeck 5.2a 8.9a 0.7a 0.7a 
A. senegal 1.2b 2.5b 1.4a 0.7a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
   
 For the shoot dry weight, there were significant differences between shoot dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between shoot dry weight of T. indica,  A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (3.7 g) and the lowest value was recorded for A. 
senegal (1.3 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was of about 2.2 folds higher than shoot dry weight of T. indica 
seedlings and of about 2.9 folds higher than the shoot dry weight of A. senegal seedlings. 
There were little differences between shoot dry weight of T. indica and A. senegal seedlings. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (5.2 g) and the lowest value was recorded for A. senegal 
(1.2 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 1.9 folds higher than root dry weight of T. indica seedlings and of 
about 4.3 folds higher than the root dry weight of A. senegal seedlings. There were little 
differences between root dry weight of T. indica and A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (8.9 g) and the lowest value was recorded for A. 
senegal (2.5 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 2 folds higher than dry weight of T. indica seedlings and 
of about 3.6 folds higher than the seedling dry weight of A. senegal seedlings. There were 
little differences between dry weight of T. indica and A. senegal seedlings. 
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for A. senegal 
seedlings (1.4) and the lowest value was recorded for T. indica seedlings (0.6). There were 
little differences between the dry shoot/dry root ratio of all the species. 
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For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for T. 
indica and A. lebbeck seedlings (0.7) and the lowest value was recorded for A. senegal 
seedlings (0.5). There were little differences between the dry shoot length/root length ratio of 
all the species. 
 
4-10- Final assessment of some growth parameters of all the species in the second 
smaller container (10×20 cm) and in the sand  
Final assessments data are presented in Table 9; these assessments were made for all 
the species in the second smaller container (10×20 cm) and in the sand. 
 
Table 9: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised in 
the second smaller container (10×20 cm) and in the sand 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    25.4b 62.4a 3.9b 1.3b 
A. lebbeck 38.6a 53.0a 6.3a 6.3a 
A. senegal 36.9a 44.0a 4.6b 1.4b 
 
Table 9: Continued 
Species Root dry 
weight   
(g) 
Seedling dry 
weight (g) 
Dry 
shoot/dry 
root ratio 
Shoot 
length/root 
length ratio 
T. indica  2.0b 3.3b 0.7a 0.4a 
A. lebbeck 7.0a 13.3a 0.9a 0.9a 
A. senegal 2.2b 3.6b 0.6a 0.9a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of T. 
indica seedlings and the two other species and there were no significant differences between 
shoot length of A. lebbeck and A. senegal seedlings. The highest value was recorded for A. 
lebbeck seedlings (38.6 cm) and the lowest value was recorded for T. indica (25.4 cm). On 
the other hand, the shoot length of A. lebbeck seedlings gave the biggest value in mean, it 
was about 1.5 folds higher than the shoot length of T. indica seedlings and the shoot length 
of A. senegal was about 1.5 folds higher than the shoot lengths of T. indica seedlings. There 
were little differences between shoot length of A. lebbeck and A. senegal seedlings.  
For the root length, there were no significant differences between root lengths of all 
the studied species. The highest value was recorded for T. indica seedlings (62.4 cm) and the 
lowest value was recorded for A. senegal seedlings (44 cm). The root length of T. indica was 
about 1.4 and 1.2 folds higher than that of A. senegal and A. lebbeck respectively. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (6.3 mm) and the lowest value was recorded for 
T. indica (3.9 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.4 folds higher than the root collar diameter of A. 
senegal seedlings and of about 1.9 folds higher than the root collar diameter of T. indica 
seedlings.  
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
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recorded for A. lebbeck seedlings (6.3 g) and the lowest value was recorded for T. indica (1.3 
g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was of about 4.5 folds higher than shoot dry weight of A. senegal seedlings and of 
about 4.8 folds higher than the shoot dry weight of T. indica seedlings. There were little 
differences between shoot dry weight of T. indica and A. senegal seedlings. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (7 g) and the lowest value was recorded for T. indica (2 g). 
On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was of about 3.2 folds higher than root dry weight of A. senegal seedlings and of 
about 3.5 folds higher than the root dry weight of T. indica seedlings. There were little 
differences between root dry weight of T. indica and A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (13.3 g) and the lowest value was recorded for 
T. indica (3.3 g). On the other hand, seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 3.7 folds higher than seedling dry weight of A. senegal 
seedlings and of about 4 folds higher than the seedling dry weight of T. indica seedlings. 
There were little differences between seedling dry weight of T. indica and A. senegal 
seedlings. 
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for A. lebbeck 
seedlings (0.9) and the lowest value was recorded for A. senegal seedlings (0.6). Difference 
between dry shoot/dry root ratio of A. senegal and A. lebbeck seedlings was about 2.3 folds.  
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. senegal and A. lebbeck seedlings (0.9) and the lowest value was recorded for T. indica 
seedlings (0.4). There were little differences between the dry shoot length/root length ratio of 
all the species. 
 
 
 
4-11- Final assessment of some  growth parameters of all the species in the second 
bigger container (20×30 cm) and in the sand  
Final assessments data are presented in Table 10; these assessments were made for all 
the species in the second bigger container (20×30 cm) and in the sand. 
 
Table 10: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second bigger container (20×30 cm) and in the sand 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    45.3a 60.7a 5.8b 4.0b 
A. lebbeck 37.6a 63.1a 8.1a 8.9a 
A. senegal 42.9a 42.6a 4.8b 2.0b 
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Table 10: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry  shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  4.8b 8.8b 0.9a 0.8a 
A. lebbeck 12.6a 21.5a 0.7a 0.7a 
A. senegal 2.8b 4.8b 0.7a 1.2a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for T. indica seedlings (45.3 cm) and the 
lowest value was recorded for A. lebbeck seedlings (37.6 cm). There were little differences 
between the shoot length of all the species.          
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (63.1 cm) and 
the lowest value was recorded for A. senegal seedlings (42.6 cm). There were little 
differences between T. indica and A. lebbeck but the difference these species and A. senegal 
amounted to more than 1.4 folds.  
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (8.1 mm) and the lowest value was recorded for A. 
senegal (4.8 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was of about 1.4 folds higher than the root collar diameter of T. 
indica seedlings and of about 1.7 folds higher than the root collar diameter of A. senegal 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (8.9 g) and the lowest value was recorded for T. indica (2 g). On the 
other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value in mean, it 
was about 2.2 folds higher than shoot dry weight of T. indica seedlings and of about 4.5 
folds higher than the shoot dry weight of A. senegal seedlings. Difference between shoot dry 
weight of T. indica, A. senegal seedlings was about 1.7 folds. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (12.6 g) and the lowest value was recorded for A. senegal (2.8 g). 
On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was about 2.6 folds higher than root dry weight of T. indica seedlings and of about 
4.5 folds higher than the root dry weight of A. senegal seedlings. Difference between root 
dry weight of T. indica, A. senegal seedlings was about 1.7 folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (21.5 g) and the lowest value was recorded for A. 
senegal (4.8 g). On the other hand, seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 2.4 folds higher than seedling dry weight of T. indica 
seedlings and of about 4.5 folds higher than the seedling dry weight of A. senegal seedlings. 
Difference between seedling dry weight of T. indica, A. senegal was about 1.8 folds. 
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For the dry shoot/dry root ratio, there were no significant differences between dry 
shootdry root ratio of all the studied species. The highest value was recorded for T. indica 
seedlings (0.9) and the lowest value was recorded for A. lebbeck, A. senegal seedlings (0.7). 
There were little differences between the dry shoot/dry root ratio of all the species. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. senegal seedlings (1.2) and the lowest value was recorded for A. lebbeck seedlings (0.7). 
There were little differences between the dry shoot length/root length ratio of T. indica and 
A. lebbeck, but the difference between these species and A. senegal was more than 1.7 folds. 
 
4-12- Final assessment of some growth parameters of all the species in the bigger 
container (30×40 cm) and in the sand 
Final assessments data are presented in Table 11; these assessments were made for all 
the species in the bigger container (30×40 cm) and in the sand. 
 
Table 11: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the bigger container (30×40 cm) and in the sand 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    45.3 ba 102.8a 5.9b 5.3b 
A. lebbeck 41.6b 66.1a 8.5a 11.7a 
A. senegal 58.0a 68.9a 5.6b 3.0b 
 
Table 11: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  8.0b 13.3b 0.6b 0.5b 
A. lebbeck 16.7a 28.4a 0.7b 0.7ba 
A. senegal 3.5b 6.5b 0.9a 0.9a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of A. 
senegal and A. lebbeck seedlings, but there were no significant differences between shoot 
length of A. lebbeck and T. indica seedlings and there were no significant differences 
between shoot length of A. senegal and T. indica seedlings. The highest value was recorded 
for A. senegal seedlings (58 cm) and the lowest value was recorded for A. lebbeck seedlings 
(41.6 cm). On the other hand, the shoot length of A. senegal seedlings gave the biggest value 
in mean, it was about 1.4 folds higher than the shoot length of A. lebbeck seedlings. There 
were little differences between shoot length of T. indica, A. lebbeck seedlings but the 
differences between these species and A. senegal amounted to more than 16 cm. 
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (102.8 cm) and 
the lowest value was recorded for A. lebbeck seedlings (66.1 cm). There were little 
differences between the root length of A. lebbeck, A. senegal but the difference between 
them and T. indica amounted to 36 cm. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (8.5 mm) and the lowest value was recorded for A. 
senegal (5.6 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
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the biggest value in mean, it was about 1.4 folds higher than the root collar diameter of T. 
indica seedlings and of about 1.5 folds higher than the root collar diameter of A. senegal 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (11.7 g) and the lowest value was recorded for , A. senegal (3 g). On 
the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value in mean, 
it was about 2.2 folds higher than shoot dry weight of T. indica seedlings and of about 3.9 
folds higher than the shoot dry weight of A. senegal seedlings. Differences between shoot 
dry weight of T. indica, A. senegal seedlings was about 1.8 folds.   
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (16.7g) and the lowest value was recorded for A. senegal (3.5 g). On 
the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in mean, it 
was of about 2.1 folds higher than root dry weight of T. indica seedlings and of about 4.8 
folds higher than the root dry weight of A. senegal seedlings. Differences between root dry 
weight of T. indica, A. senegal seedlings was about 2 folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (28.4 g) and the lowest value was recorded for A. 
senegal (6.5 g). On the other hand, seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 2.1 folds higher than seedling dry weight of T. indica 
seedlings and of about 4.4 folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings was about 2 
folds. 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of A. senegal seedlings and the two other species and there were no 
significant differences between dry shoot/dry root ratio of T. indica, A. lebbeck seedlings. 
The highest value was recorded for A. senegal seedlings (0.9) and the lowest value was 
recorded for T. indica (0.6). On the other hand, the dry shoot/dry root ratio of A. senegal 
seedlings gave the biggest value in mean, it was about 1.3 folds higher than dry shoot/dry 
root ratio of A. lebbeck seedlings and of about 1.5 folds higher than the dry shoot/dry root 
ratio of T. indica seedlings. There were little differences between dry shoot/dry root ratio of 
T. indica, A. lebbeck seedlings. 
For the shoot length/root length ratio, there were significant differences between wet 
shoot length/root length ratio of A. senegal and T. indica seedlings, but there were no 
significant differences between shoot length/root length ratio of A. lebbeck and T. indica 
seedlings and there were no significant differences between shoot length/root length ratio of 
A. senegal and A. lebbeck seedlings. The highest value was recorded for A. senegal seedlings 
(0.9) and the lowest value was recorded for T. indica seedlings (0.5). On the other hand, the 
shoot length/root length ratio of A. senegal seedlings gave the biggest value in mean, it was 
about 1.8 folds higher than the shoot length/root length ratio of T. indica seedlings. There 
were little differences between shoot length/root length ratio of T. indica, A. lebbeck 
seedlings.  
 
4-13- Final assessment of some growth parameters of all the species in the smaller 
container (8×13 cm) and in the clay  
Final assessments data are presented in Table 12; These assessments were made for 
all the species in the smaller container (8×13 cm) and in the clay. 
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For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for T. indica seedlings (66.2 cm) and the 
lowest value was recorded for A. lebbeck seedlings (40.5 cm). Differences between T. indica 
and A. lebbeck amounted to 1.6 folds and between T. indica and A. senegal were 1.3 folds. 
Between A. senegal and A. lebbeck amounted to 1.3 folds. 
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (46.5 cm) and the 
lowest value was recorded for A. lebbeck seedlings (27.5 cm). Difference between root 
length of T. indica and  A. lebbeck seedlings was about 1.7 folds and the difference between 
root length of T. indica, A. senegal was about 1.1 folds and difference between root length of 
A. senegal and A. lebbeck was about 1.5 folds. 
For the root collar diameter, there were no significant differences between root collar 
diameter of all the studied species. The highest value was recorded for T. indica seedlings 
(6.2 mm) and the lowest value was recorded for A. lebbeck seedlings (5.8 mm). There were 
little differences between the root collar diameter of all the species. 
 
Table 12: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the smaller container (8×13 cm) and in the clay 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    66.2a 46.5a 6.2a 6.7a 
A. lebbeck 40.5a 27.5a 5.8a 3.3b 
A. senegal 52.0a 41.7a 5.9a 2.4b 
 
Table 12: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  4.5a 11.2a 1.5a 1.5a 
A. lebbeck 3.4a 6.7b 1.0b 1.4a 
A. senegal 2.8b 5.3b 0.9b 1.4a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
          
For the shoot dry weight, there were significant differences between shoot dry weight 
of T. indica seedlings and the two other species and there were no significant differences 
between shoot dry weight of A. lebbeck, A. senegal seedlings. The highest value was 
recorded for T. indica seedlings (6.7 g) and the lowest value was recorded for A. senegal (2.4 
g). On the other hand, the shoot dry weight of T. indica seedlings gave the biggest value in 
mean, it was about 2 folds higher than shoot dry weight of A. lebbeck seedlings and of about 
2.8 folds higher than the shoot dry weight of A. senegal seedlings. Difference between shoot 
dry weight of A. lebbeck, A. senegal seedlings was about 1.4 folds. 
For the root dry weight, there were significant differences between root dry weight of 
A. senegal seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. lebbeck seedlings. The highest value was recorded 
for T. indica seedlings (4.5 g) and the lowest value was recorded for A. senegal (2.8 g). On 
the other hand, the root dry weight of T. indica seedlings gave the biggest value in mean, it 
was about 1.6 folds higher than root dry weight of A. senegal seedlings and the root dry 
weight of A. lebbeck seedlings was of about 1.2 folds higher than the root dry weight of A. 
senegal seedlings. There were little differences between root dry weight of T. indica, A. 
lebbeck seedlings. 
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For the seedling dry weight, there were significant differences between seedling dry 
weight of T. indica seedlings and the two other species and there were no significant 
differences between seedling dry weight of A. lebbeck, A. senegal seedlings. The highest 
value was recorded for T. indica seedlings (11.2 g) and the lowest value was recorded for A. 
senegal (5.3 g). On the other hand, the seedling dry weight of T. indica seedlings gave the 
biggest value in mean, it was about 1.7 folds higher than seedling dry weight of A. lebbeck 
seedlings and of about 2.1 folds higher than the seedling dry weight of A. senegal seedlings. 
The seedling dry weight A. lebbeck was about 1.3 folds higher than that of A. senegal 
seedlings. 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of T. indica seedlings and the two other species and there were no 
significant differences between dry shoot/dry root ratio of A. lebbeck, A. senegal seedlings. 
The highest value was recorded for T. indica seedlings (1.5) and the lowest value was 
recorded for A. senegal (0.9). On the other hand, the dry shoot/dry root ratio of T. indica 
seedlings gave the biggest value in mean, it was about 1.5 folds higher than dry shoot/dry 
root ratio of A. lebbeck seedlings and of about 1.7 folds higher than the dry shoot/dry root 
ratio of A. senegal seedlings. There were little differences between dry shoot/dry root ratio of 
A. lebbeck, A. senegal seedlings. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for T. 
indica seedlings (1.5) and the lowest value was recorded for A. senegal, A. lebbeck seedlings 
(1.4). There were little differences between the dry shoot length/root length ratio of all the 
species. 
 
4-14- Final assessment of some growth parameters of all the species in the second 
smaller container (10×20 cm) and in the clay 
 Final assessments data are presented in Table 13; these assessments were made for all 
the species in the second smaller container (10×20 cm) and in the clay. 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (54.5 cm) and 
the lowest value was recorded for T. indica seedlings (53.9 cm). There were little differences 
between the shoot length of all the species.          
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for A. senegal seedlings (34.4 cm) and 
the lowest value was recorded for A. lebbeck seedlings (30.6 cm). There were little 
differences between the root length of all the species.          
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck and T. indica seedlings but there were no significant differences 
between root collar diameter of A. lebbeck and A. senegal seedlings. There were no 
significant differences between root collar diameter of A. senegal and T. indica seedlings. 
The highest value was recorded for A. lebbeck seedlings (8.5 mm) and the lowest value was 
recorded for T. indica (6.3 mm). On the other hand, the root collar diameter of A. lebbeck 
seedlings gave the biggest value in mean, it was about 1.3 folds higher than the root collar 
diameter of T. indica seedlings. There were little differences between root collar diameter of 
T. indica, A. senegal seedlings and there were little differences between root collar diameter 
of A. lebbeck, A. senegal seedlings. 
 
 
 
 
 
 
 115
Table 13: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second smaller container (10×20 cm) and in the clay 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    53.9a 31.6a 6.3b 6.7b 
A. lebbeck 54.1a 30.6a 8.5a 12.2a 
A. senegal 54.5a 34.4a 7.5ba 4.2b 
 
Table 13: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  3.4b 10.1ba 2.0a 1.8a 
A. lebbeck 11.5a 23.7a 1.1b 1.9a 
A. senegal 3.5b 7.7b 1.2b 1.7a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
  
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (12.2 g) and the lowest value was recorded for A. senegal (4.2 g). 
On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was about 1.8 folds higher than shoot dry weight of T. indica seedlings and of about 
2.9 folds higher than the shoot dry weight of A. senegal seedlings. Differences between shoot 
dry weight of T. indica, A. senegal seedlings was about 1.6 folds. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (11.5 g) and the lowest value was recorded for T. indica (3.4 g). On 
the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in mean, it 
was about 3.3 folds higher than root dry weight of A. senegal seedlings and of about 3.4 
folds higher than the root dry weight of T. indica seedlings. There were little differences 
between root dry weight of T. indica, A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and and A. senegal seedlings but there were no significant 
differences between seedling dry weight of A. lebbeck and T. indica seedlings. There were 
no significant differences between seedling dry weight of A. senegal and T. indica seedlings. 
The highest value was recorded for A. lebbeck seedlings (23.7 g) and the lowest value was 
recorded for A. senegal (7.7 g). On the other hand, the seedling dry weight of A. lebbeck 
seedlings gave the biggest value in mean, it was about 3.1 folds higher than the seedling dry 
weight of A. senegal seedlings. The seedling dry weight of A. lebbeck was about 2.3 folds 
higher than that of T. indica. And seedling dry weight of T. indica was about 1.3 folds higher 
than that of A. senegal. 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of T. indica seedlings and the two other species and there were no 
significant differences between dry shoot/dry root ratio of A. lebbeck, A. senegal seedlings. 
The highest value was recorded for T. indica seedlings (2) and the lowest value was recorded 
for A. lebbeck (1.1). On the other hand, the dry shoot/dry root ratio of T. indica seedlings 
gave the biggest value in mean, it was about 1.7 folds higher than dry shoot/dry root ratio of 
A. senegal seedlings and of about 1.8 folds higher than the dry shoot/dry root ratio of A. 
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lebbeck seedlings. There were little differences between dry shoot/dry root ratio of A. 
lebbeck, A. senegal seedlings. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. lebbeck seedlings (1.9) and the lowest value was recorded for A. senegal seedlings (1.7). 
There were little differences between the dry shoot length/root length ratio of all the species. 
 
 
4-15- Final assessment of some growth parameters of all the species in the second 
bigger container (20×30 cm) and in the clay 
Final assessments data are presented in Table 14; These assessments were made for 
all the species in the second bigger container (20×30 cm) and in the clay. 
For the shoot length, there were significant differences between shoot length of T. 
indica seedlings and the two other species and there were no significant differences between 
shoot length of A. lebbeck, A. senegal seedlings. The highest value was recorded for T. 
indica seedlings (90 g) and the lowest value was recorded for A. senegal (73 g). On the other 
hand, the shoot length of T. indica seedlings gave the biggest value in mean, it was about 1.2 
folds higher than shoot length of A. lebbeck seedlings and of about 1.2 folds higher than the 
shoot length of A. senegal seedlings. There were little differences between shoot length of A. 
lebbeck, A. senegal seedlings.   
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (62.7 cm) and the 
lowest value was recorded for A. lebbeck seedlings (22.3 cm). Differences between the root 
length of T. indica and A. senegal seedlings was 1.1 folds and differences between the root 
length of T. indica and A. lebbeck was 2.8 folds and differences between the root length of A. 
senegal and A. lebbeck was 2.5 folds. 
 
Table 14: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second bigger container (20×30 cm) and in the clay 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    90.0a 62.7a 7.6a 14ba 
A. lebbeck 77.3b 22.3a 10.6a 21.4a 
A. senegal 73.0b 55.5a 8.4a 8.1b 
 
Table 14: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  5.3b 19.3b 2.6a 2.2ba 
A. lebbeck 15.6a 37.0a 1.5b 3.5a 
A. senegal 6.3b 14.4b 1.4b 1.4b 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
         
For the root collar diameter, there were no significant differences between root collar 
diameter of all the studied species. The highest value was recorded for A. lebbeck seedlings 
(10.6 mm) and the lowest value was recorded for T. indica seedlings (7.6mm). There were 
little differences between the root collar diameter of T. indica and A. senegal. And the root 
collar diameter of A. lebbeck was about 1.3 and 1.4 folds higher than that of A. senegal and 
T. indica respectively.. 
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For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and A. senegal seedlings but there were no significant differences 
between shoot dry weight of A. lebbeck and T. indica seedlings. There were no significant 
differences between shoot dry weight of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (21.4 g) and the lowest value was recorded for 
A. senegal (8.1 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 2.6 folds higher than shoot dry weight of A. senegal 
seedlings and about 1.5 folds higher than shoot dry weight of T. indica. Shoot dry weight of 
T. indica was about 1.7 folds higher than shoot dry weight of A. senegal seedlings.  
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (15.6 g) and the lowest value was recorded for T. indica (5.3 g). On 
the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in mean, it 
was about 2.5 folds higher than root dry weight of A. senegal seedlings and of about 2.9 
folds higher than the root dry weight of T. indica seedlings. There were little differences 
between root dry weight of T. indica, A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (37 g) and the lowest value was recorded for A. 
senegal (14.4 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 1.9 folds higher than seedling dry weight of T. indica 
seedlings and of about 2.6 folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings amounted 1.3 
folds 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of T. indica seedlings and the two other species and there were no 
significant differences between dry shoot/dry root ratio of A. lebbeck, A. senegal seedlings. 
The highest value was recorded for T. indica seedlings (2.6) and the lowest value was 
recorded for A. senegal (1.4). On the other hand, the dry shoot/dry root ratio of T. indica 
seedlings gave the biggest value in mean, it was of about 1.7 folds higher than dry shoot/dry 
root ratio of A. lebbeck seedlings and of about 1.9 folds higher than the dry shoot/dry root 
ratio of A. senegal seedlings. There were little differences between dry shoot/dry root ratio of 
A. lebbeck, A. senegal seedlings. 
For the shoot length/root length ratio, here were significant differences between shoot 
length/root length ratio of A. lebbeck and A. senegal seedlings but there were no significant 
differences between shoot length/root length ratio of A. lebbeck and T. indica seedlings. 
There were no significant differences between shoot length/root length ratio of T. indica and 
A. senegal seedlings. The highest value was recorded for A. lebbeck seedlings (3.5) and the 
lowest value was recorded for A. senegal seedlings (1.4). On the other hand, the shoot 
length/root length ratio of A. lebbeck seedlings gave the biggest value in mean, it was of 
about 2.5 folds higher than shoot length/root length ratio of A. senegal seedlings and about 
1.6 folds more than that of T. indica. Shoot length/root length ratio of T. indica was about 
1.6 folds more than that of A. senegal. 
 
 
4-16- Final assessment of some growth parameters of all the species in the bigger 
container (30×40 cm) and in the clay 
Final assessments data are presented in Table 15; these assessments were made for all 
the species in the bigger container (30×40 cm) and in the clay. 
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Table 15: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the bigger container (30×40 cm) and in the clay 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    85.3a 59.8a 8.9ba 16.0b 
A. lebbeck 74.6 ba 32.9b 10.0a 22.6a 
A. senegal 63.0b 61.9a 7.6b 7.7c 
 
Table 15: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  6.5b 22.5b 2.6a 1.5ba 
A. lebbeck 19.5a 42.0a 1.3b 2.4a 
A. senegal 5.0b 12.7c 1.9ba 1.1b 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of T. 
indica and A. senegal seedlings but there were no significant differences between shoot 
length of T. indica and A. lebbeck seedlings. There were no significant differences between 
shoot length of A. lebbeck and A. senegal seedlings. The highest value was recorded for T. 
indica seedlings (85.3 cm) and the lowest value was recorded for A. senegal (63 cm). On the 
other hand, the shoot length of T. indica seedlings gave the biggest value in mean, it was 
about 1.4 folds higher than shoot length of A. senegal seedlings. There were little differences 
between shoot length of A. lebbeck and  A. senegal seedlings and there were little differences 
between shoot length of A. lebbeck and T. indica seedlings.   
For the root length, there were significant differences between root length of A. 
lebbeck seedlings and the two other species and there were no significant differences 
between root length of T. indica, A. senegal seedlings. The highest value was recorded for A. 
senegal seedlings (61.9 cm) and the lowest value was recorded for A. lebbeck (32.9 cm). On 
the other hand, the root length of A. senegal seedlings gave the biggest value in mean, it was 
about 1.9 folds higher than root length of A. lebbeck seedlings and the root length of T. 
indica wad of about 1.8 folds higher than the root length of A. senegal seedlings. There were 
little differences between root length of T. indica, A. senegal seedlings.    
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck and A. senegal seedlings and there were no significant differences 
between root collar diameter of A. lebbeck and T. indica, seedlings and there were no 
significant differences between root collar diameter of T. indica and A. senegal seedlings. 
The highest value was recorded for A. lebbeck seedlings (10 mm) and the lowest value was 
recorded for A. senegal (7.6 mm). On the other hand, the root collar diameter of A. lebbeck 
seedlings gave the biggest value in mean, it was about 1.3 folds higher than the root collar 
diameter of A. senegal seedlings. There were little differences between root collar diameter 
of A. lebbeck and T. indica, seedlings and there were little differences between root collar 
diameter of T. indica and A. senegal seedlings. 
For the shoot dry weight, there were significant differences between shoot dry weight 
of all the species. The highest value was recorded for A. lebbeck seedlings (22.6 g) and the 
lowest value was recorded for A. senegal (7.7 g). On the other hand, the shoot dry weight of 
A. lebbeck seedlings gave the biggest value in mean, it was about 1.4 folds higher than shoot 
dry weight of T. indica seedlings and of about 2.9 folds higher than shoot dry weight of A. 
senegal seedlings. Shoot dry weight of T. indica was about 2.1 folds higher than shoot dry 
weight of A. senegal seedlings. 
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For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica, A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (19.5 g) and the lowest value was recorded for A. senegal (5 g). On 
the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in mean, it 
was about 3 folds higher than root dry weight of T. indica seedlings and of about 3.9 folds 
higher than the root dry weight of A. senegal seedlings. There were little differences between 
root dry weight of T. indica and A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of all the species. The highest value was recorded for A. lebbeck seedlings (42 g) and 
the lowest value was recorded for A. senegal (12.7 g). On the other hand, the seedling dry 
weight of A. lebbeck seedlings gave the biggest value in mean, it was about 1.9 folds higher 
than seedling dry weight of T. indica seedlings and of about 3.3 folds higher than seedling 
dry weight of A. senegal seedlings. Seedling dry weight of T. indica was of about 1.8 folds 
higher than shoot dry weight of A. senegal seedlings. 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of T. indica and A. lebbeck seedlings, but there were no significant 
differences between dry shoot/dry root ratio of T. indica and A. senegal seedlings and there 
were no significant differences between dry shoot/dry root ratio of A. lebbeck and A. senegal 
seedlings. The highest value was recorded for T. indica seedlings (2.6) and the lowest value 
was recorded for A. lebbeck seedlings (1.3). On the other hand, the dry shoot/dry root ratio of 
T. indica seedlings gave the biggest value in mean, it was about 2 folds higher than the dry 
shoot/dry root ratio of A. lebbeck seedlings. Differences between dry shoot/dry root ratio of 
T. indica and A. senegal seedlings were 1.4 folds and there were little differences between 
dry shoot/dry root ratio of A. lebbeck A. senegal seedlings. 
For the shoot length/root length ratio, here were significant differences between shoot 
length/root length ratio of A. lebbeck and A. senegal seedlings but there were no significant 
differences between shoot length/root length ratio of A. lebbeck and T. indica seedlings. 
There were no significant differences between shoot length/root length ratio of T. indica and 
A. senegal seedlings. The highest value was recorded for A. lebbeck seedlings (2.4) and the 
lowest value was recorded for A. senegal seedlings (1.1). On the other hand, the shoot 
length/root length ratio of A. lebbeck seedlings gave the biggest value in mean, it was about 
2.2 folds higher than shoot length/root length ratio of A. senegal seedlings and 1.6 folds 
higher than shoot length/root length ratio of T. indica. There were little differences between 
the shoot length/root length ratio of T. indica and A. senegal seedlings. 
 
4-17- Final assessment of some growth parameters of all the species in the smaller 
container (8×13 cm) and in the silt  
Final assessments data are presented in Table 16; these assessments were made for all 
the species in the smaller container (8×13 cm) and in the silt. 
 
Table 16: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the smaller container (8×13 cm) and in the silt 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    50.1a 53.1a 5.0b 3.4b 
A. lebbeck 55.4a 34.3a 7.8a 9.7a 
A. senegal 45.8a 44.3a 4.3b 1.4c 
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Table 16: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  2.7b 6.0b 1.5a 1.1a 
A. lebbeck 6.9a 16.6a 1.6a 1.7a 
A. senegal 1.6b 3.0b 0.9a 1.2a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (55.4cm) and 
the lowest value was recorded for A. senegal seedlings (45.8 cm). There were little 
differences between the shoot length of T. indica and A. lebbeck seedlings. Shoot length of 
A. lebbeck was of about 1.2 folds more than A. senegal seedlings.  
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (53.1 cm) and the 
lowest value was recorded for A. lebbeck seedlings (34.3 cm). Differences between the root 
length of T. indica and A. senegal were about 1.2 folds and about 1.5 folds more than A. 
lebbeck seedlings. Root length of A. senegal were about 1.3 folds more than A. lebbeck 
seedlings.              
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (7.8 mm) and the lowest value was recorded for A. 
senegal (4.3 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.6 folds higher than the root collar diameter of T. 
indica seedlings and of about 1.8 folds higher than the root collar diameter of A. senegal 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of all the species. The highest value was recorded for A. lebbeck seedlings (9.7 g) and the 
lowest value was recorded for A. senegal (1.4 g). On the other hand, the shoot dry weight of 
A. lebbeck seedlings gave the biggest value in mean, it was about 2.9 folds higher than shoot 
dry weight of T. indica seedlings and of about 6.9 folds higher than shoot dry weight of A. 
senegal seedlings. Shoot dry weight of T. indica was of about 2.4 folds higher than shoot dry 
weight of A. senegal seedlings. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (6.9 g) and the lowest value was recorded for A. senegal 
(1.6 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 2.6 folds higher than root dry weight of T. indica seedlings and of 
about 4.3 folds higher than the root dry weight of A. senegal seedlings. Differences between 
root dry weight of T. indica, A. senegal seedlings amounted to 1.7 folds. 
For the seedling dry weight, there were significant differences 
between seedling dry weight of A. lebbeck seedlings and the two other species and there 
were no significant differences between seedling dry weight of T. indica, A. senegal 
seedlings. The highest value was recorded for A. lebbeck seedlings (16.6 g) and the lowest 
value was recorded for A. senegal (3 g). On the other hand, the seedling dry weight of A. 
lebbeck seedlings gave the biggest value in mean, it was about 2.8 folds higher than seedling 
dry weight of T. indica seedlings and of about 5.5 folds higher than the seedling dry weight 
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of A. senegal seedlings. Differences between seedling dry weight of T. indica, A. senegal 
seedlings were 2 folds. 
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for A. lebbeck 
seedlings (1.6) and the lowest value was recorded for A. senegal seedlings (0.9). Differences 
between dry shoot/dry root ratio of A. lebbeck and A. senegal seedlings were 1.8 folds and 
differences between dry shoot/dry root ratio of T. indica and A. senegal seedlings were 1.7 
folds. There were little differences between the dry shoot/dry root ratio of T. indica and A. 
lebbeck seedlings.  
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. lebbeck seedlings (1.7) and the lowest value was recorded for T. indica seedlings (1.1). 
There were little differences between the dry shoot length/root length ratio of all the species. 
 
4-18- Final assessment of some growth parameters of all the species in the second 
smaller container (10×20 cm) and in the silt: 
 Final assessments data are presented in Table 17; these assessments were made for all 
the species in the second smaller container (10×20 cm) and in the silt. 
 
Table 13: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second smaller container (10×20 cm) and in the silt 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    54.5a 54.1ba 4.8b 3.5b 
A. lebbeck 69.6a 95.5a 9.3a 17.0a 
A. senegal 44.0a 31.8b 4.0b 1.3b 
 
Table 17: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  2.6b 6.1b 1.5a 1.3a 
A. lebbeck 15.5a 32.5a 1.2a 1.5a 
A. senegal 1.0b 2.3b 1.5a 1.4a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (69.6 cm) and 
the lowest value was recorded for A. senegal seedlings (44 cm). Differences between shoot 
length of A. lebbeck and A. senegal seedlings were 1.6 folds and differences between shoot 
length of T. indica and A. senegal seedlings were 1.2 folds. The differences between the 
shoot length of A. lebbeck and T. indica seedlings were 1.3 folds.     
For the root length, there were significant differences between root length of A. 
lebbeck and A. senegal seedlings but there were no significant differences between root 
length of A. lebbeck and T. indica seedlings. There were no significant differences between 
root length of A. senegal and T. indica seedlings. The highest value was recorded for A. 
lebbeck seedlings (95.5 g) and the lowest value was recorded for A. senegal (31.8 g). On the 
other hand, the root length of A. lebbeck seedlings gave the biggest value in mean, it was 
about 3 folds higher than the root length of A. senegal seedlings and about 1.8 folds higher 
than the root length of T. indica seedlings. Root length of T. indica seedlings were  
About 1.7 folds more than root length of and A. senegal seedlings.  
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For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. Indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (9.3 mm) and the lowest value was recorded for 
A. senegal (4 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.9 folds higher than the root collar diameter of T. 
indica seedlings and of about 2.3 folds higher than the root collar diameter of A. senegal 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were significant differences 
between shoot dry weight of T. indica and the two other species. The highest value was 
recorded for A. lebbeck seedlings (17 g) and the lowest value was recorded for A. senegal 
(1.3 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 4.9 folds higher than shoot dry weight of T. indica seedlings and 
of about 13.1 folds higher than shoot dry weight of A. senegal seedlings. T. indica shoot dry 
weight exceeded that of A. senegal by 2.7 folds. 
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (15.5 g) and the lowest value was recorded for A. senegal 
(1 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 6 folds higher than root dry weight of T. indica seedlings and of about 
15.5 folds higher than the root dry weight of A. senegal seedlings. Differences between root 
dry weight of T. indica, A. senegal seedlings amounted to 2.6 folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (32.5 g) and the lowest value was recorded for A. 
senegal (2.3 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 5.3 folds higher than seedling dry weight of T. indica 
seedlings and of about 14.1folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings amounted to 2.7 
folds. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. lebbeck seedlings (1.5) and the lowest value was recorded for T. indica seedlings (1.3). 
There were little differences between the dry shoot length/root length ratio of all the species. 
 
4-19- Final assessment of some growth parameters of all the species in the second 
bigger container (20×30 cm) and in the silt: 
 Final assessments data are presented in Table 18; these assessments were made for all 
the species in the second bigger container (20×30 cm) and in the silt. 
 
Table 18: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second bigger container (20×30 cm) and in the silt 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    57.3b 42.8a 4.9b 4.9b 
A. lebbeck 77.0a 31.3a 10.7a 23.9a 
A. senegal 53.2b 53.4a 5.0b 2.3b 
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Table 18: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  2.6b 7.6b 2.1a 1.5b 
A. lebbeck 16.0a 39.9a 1.5a 2.6a 
A. senegal 1.7b 4.0b 1.4a 1.1b 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of A. 
lebbeck seedlings and the two other species and there were no significant differences 
between shoot length of T. indica and A. senegal seedlings. The highest value was recorded 
for A. lebbeck seedlings (77 cm) and the lowest value was recorded for A. senegal (53.2 cm). 
On the other hand, the shoot length of A. lebbeck seedlings gave the biggest value in mean, it 
was of about 1.3 folds higher than the shoot length of T. indica seedlings and the shoot 
length of T. indica was of about 1.1 folds higher than the shoot length of A. senegal 
seedlings. There were little differences between shoot length of T. indica and A. senegal 
seedlings.  
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for A. senegal seedlings (53.4 cm) and 
the lowest value was recorded for A. lebbeck seedlings (31.3 cm). Differences between the 
root length of A. senegal and T. indica were about 1.2 folds and the differences between A. 
senegal and A. lebbeck were about 1.7 folds. The differences between T. indica and A. 
lebbeck were about 1.4 folds. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. Indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (10.7 mm) and the lowest value was recorded 
for T. indica (4.9 mm). On the other hand, the root collar diameter of A. lebbeck seedlings 
gave the biggest value in mean, it was of about 2.2 folds higher than the root collar diameter 
of A. senegal seedlings and about 2.2 folds higher than the root collar diameter of T. indica 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (23.9 g) and the lowest value was recorded for A. senegal 
(3.2 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 4.9 folds higher than shoot dry weight of T. indica seedlings and 
of about 10.4 folds higher than shoot dry weight of A. senegal seedlings. Shoot dry weight of 
T. indica was about 2.1 folds higher than A. senegal seedlings.   
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (16 g) and the lowest value was recorded for A. senegal 
(1.7 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 6.2 folds higher than root dry weight of T. indica seedlings and of 
about 9.4 folds higher than the root dry weight of A. senegal seedlings. Differences between 
root dry weight of T. indica, A. senegal seedlings reached 1.5 folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
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was recorded for A. lebbeck seedlings (39.9 g) and the lowest value was recorded for A. 
senegal (4 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 5.3 folds higher than seedling dry weight of T. indica 
seedlings and of about 10 folds higher than the seedling dry weight of A. senegal seedlings. 
There were little differences between seedling dry weight of T. indica, A. senegal seedlings 
reached 1.9 folds. 
 For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for T. indica 
seedlings (2.1) and the lowest value was recorded for A. senegal seedlings (1.4). Differences 
between the dry shoot/dry root ratio of T. indica and the two other species were about 1.5 
folds. 
For the shoot length/root length ratio, there were significant differences between 
shoot length/root length ratio of A. lebbeck and the two other species but there were no 
significant differences between T. indica and A. senegal. The highest value was recorded for 
A. lebbeck seedlings (2.6) and the lowest value was recorded for A. senegal seedlings (1.1). 
Differences between the shoot length/root length ratio of A. lebbeck and T. indica and A. 
senegal were 1.7 and 2.4 folds respectability. 
 
4-20- Final assessment of some growth parameters of all the species in the bigger 
container (30×40 cm) and in the silt: 
 Final assessments data in the sand are presented in Table 19; these assessments were 
made for all the species in the bigger container (30×40 cm) and in the silt. 
 
Table 19: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the bigger container (30×40 cm) and in the silt 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    65.2ba 83.0a 5.3b 4.8b 
A. lebbeck 91.0a 67.5a 11.9a 38.5a 
A. senegal 51.8a 60.4a 5.5b 3.0b 
 
Table 19: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  3.5b 8.3b 1.7a 1.0a 
A. lebbeck 19.8a 58.3a 2.0a 1.8a 
A. senegal 2.8b 5.9b 1.1a 1.0a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (91 cm) and the 
lowest value was recorded for A. senegal seedlings (51.8 cm). On the other hand, shoot 
length of A. lebbeck seedlings gave the biggest value in mean, it was about 1.4 folds higher 
than shoot length of T. indica seedlings and of about 1.8 folds higher than the shoot length of 
A. senegal seedlings. Shoot length of T. indica about 1.3 folds higher than the shoot length of 
folds  A. senegal seedlings. 
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (83 cm) and the 
lowest value was recorded for A. senegal seedlings (60.4 cm). Root length of T. indica 
seedlings gave the biggest value in mean, it was about 1.2 folds higher than root length of A. 
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lebbeck seedlings and of about 1.4 folds higher than the root length of A. senegal seedlings. 
There were little differences between root length of A. lebbeck and A. senegal seedlings.    
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (11.9 mm) and the lowest value was recorded 
for T. indica (5.3 mm). On the other hand, the root collar diameter of A. lebbeck seedlings 
gave the biggest value in mean, it was of about 2.2 folds higher than the root collar diameter 
of A. senegal seedlings and about 2.2 folds higher than the root collar diameter of T. indica 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (38.5 g) and the lowest value was recorded for A. senegal 
(3 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 8 folds higher than shoot dry weight of T. indica seedlings and of 
about 12.8 folds higher than shoot dry weight of A. senegal seedlings. Shoot dry weight of T. 
indica exceeded that of A. senegal by 1.6 folds. 
For the root dry weight, there were significant differences between 
root dry weight of A. lebbeck seedlings and the two other species and there were no 
significant differences between root dry weight of T. indica and A. senegal seedlings. The 
highest value was recorded for A. lebbeck seedlings (19.8 g) and the lowest value was 
recorded for A. senegal (2.8 g). On the other hand, the root dry weight of A. lebbeck 
seedlings gave the biggest value in mean, it was about 5.7 folds higher than root dry weight 
of T. indica seedlings and of about 7.1 folds higher than the root dry weight of A. senegal 
seedlings. Differences between root dry weight of T. indica, A. senegal seedlings reached 1.3 
folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (58.3 g) and the lowest value was recorded for A. 
senegal (5.9 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 7 folds higher than seedling dry weight of T. indica 
seedlings and of about 9.9 folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings reached 1.4 folds. 
 For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for A. lebbeck 
seedlings (2) and the lowest value was recorded for A. senegal seedlings (1.1). Differences 
between A. lebbeck and T. indica was about 1.2 folds and differences between A. lebbeck and 
A. senegal was about 1.8 folds. Differences between T. indica and A. senegal was about 1.5 
folds.   
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
A. lebbeck seedlings (1.8) and the lowest value was recorded for A. senegal, T. indica 
seedlings (1). There were no differences between the dry shoot length/root length ratio of T. 
indica and A. senegal seedlings. The shoot length/root length ratio of A. lebbeck was about 
1.8 folds higher than that of A. senegal and T. indica. 
 
4-21- Final assessment of some growth parameters of all the species in the smaller 
container (8×13 cm) and in the humus:  
  Final assessments data are presented in Table 20; these assessments were made for all 
the species in the smaller container (8×13 cm) and in the humus. 
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Table 20: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the smaller container (8×13 cm) and in the humus 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    36.6a 19.0a 3.3b 1.1b 
A. lebbeck 41.2a 19.7a 6.1a 4.4a 
A. senegal 39.9a 39.8a 3.9b 1.0b 
 
Table 20: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  0.8b 1.9b 1.6a 2.3a 
A. lebbeck 3.6a 8.0a 1.2a 2.1a 
A. senegal 0.7b 1.7b 2.8a 1.2a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (41.2 cm) and 
the lowest value was recorded for T. indica seedlings (36.6 cm). There were little differences 
between the shoot length of all the species.          
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for A. senegal seedlings (39.8 cm) and 
the lowest value was recorded for T. indica seedlings (19 cm). Differences between the root 
length of A. senegal and A. lebbeck, T. indica was about 2 folds. There were little differences 
between the root length of A. lebbeck and T. indica seedlings. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (6.1 mm) and the lowest value was recorded for 
T. indica (3.3 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.6 folds higher than the root collar diameter of A. 
senegal seedlings and of about 1.8 folds higher than the root collar diameter of T. indica 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (4.4 g) and the lowest value was recorded for A. senegal (1 
g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was about 4 folds higher than shoot dry weight of T. indica seedlings and of about 
4.4 folds higher than shoot dry weight of A. senegal seedlings. There were little differences 
between shoot dry weight of T. indica and A. senegal seedlings.   
For the root dry weight, there were significant differences between 
root dry weight of A. lebbeck seedlings and the two other species and there were no 
significant differences between root dry weight of T. indica and A. senegal seedlings. The 
highest value was recorded for A. lebbeck seedlings (3.6 g) and the lowest value was 
recorded for A. senegal (0.7 g). On the other hand, the root dry weight of A. lebbeck 
seedlings gave the biggest value in mean, it was about 4.5 folds higher than root dry weight 
of T. indica seedlings and of about 5.1 folds higher than the root dry weight of A. senegal 
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seedlings. There were little differences between root dry weight of T. indica, A. senegal 
seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (8 g) and the lowest value was recorded for A. senegal 
(1.7 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 4.2 folds higher than seedling dry weight of T. indica seedlings 
and of about 4.7 folds higher than the seedling dry weight of A. senegal seedlings. There 
were little differences between seedling dry weight of T. indica, A. senegal seedlings. 
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for A. senegal 
seedlings (2.8) and the lowest value was recorded for A. lebbeck seedlings (1.2). There were 
little differences between the dry shoot/dry root ratio of T. indica and A. lebbeck seedlings 
but the differences between these two species and A. senegal amounted to more than 1.8 
folds. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for T. 
indica seedlings (2.3) and the lowest value was recorded for A. senegal seedlings (1.2). 
There were little differences between the dry shoot length/root length ratio of T. indica and 
A. lebbeck seedlings but the differences between these two species and A. senegal amounted 
to more than 1.8 folds. 
 
4-22- Final assessment of some growth parameters of all the species in the second 
smaller container (10×20 cm) and in the humus: 
  Final assessments data are presented in Table 21; these assessments were made for 
all the species in the second smaller container (10×20 cm) and in the humus. 
 
Table 21: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second smaller container (10×20 cm) and in the humus 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    34.6b 18.4a 3.7b 1.5b 
A. lebbeck 41.1a 18.0a 6.3a 4.9a 
A. senegal 37.4a 15.9a 4.3ba 1.3b 
 
Table 21: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  0.6b 2.1b 2.6a 1.9a 
A. lebbeck 3.4a 8.3a 1.7 ba 2.4a 
A. senegal 1.1b 2.3b 1.3b 2.5a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of T. 
indica seedlings and the two other species and there were no significant differences between 
shoot length of A. lebbec and A. senegal seedlings. The highest value was recorded for A. 
lebbeck seedlings (41.1 cm) and the lowest value was recorded for T. indica (34.6 cm). On 
the other hand, the shoot length of A. lebbeck seedlings gave the biggest value in mean, it 
was about 1.1 folds higher than the shoot length of A. senegal seedlings and the shoot length 
 128
of T. indica was of about 1.2 folds higher than the shoot length of T. indica seedlings. There 
were little differences between shoot length of A. lebbeck, A. senegal seedlings.  
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (18.4 cm) and the 
lowest value was recorded for A. senegal seedlings (15.9 cm). There were little differences 
between the root length of all the species.     
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck and T. indica seedlings but there were no significant differences 
between root collar diameter of A. lebbeck and A. senegal seedlings and there were no 
significant differences between root collar diameter of T. indica and A. senegal. The highest 
value was recorded for A. lebbeck seedlings (6.3 mm) and the lowest value was recorded for 
T. indica (3.7 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.5 folds higher than the root collar diameter of A. 
senegal seedlings and of about 1.7 folds higher than the root collar diameter of T. indica 
seedlings. There were little differences between root collar diameter of T. indica, A. senegal 
seedlings.   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (4.9 g) and the lowest value was recorded for A. senegal 
(1.3 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 3.3 folds higher than shoot dry weight of T. indica seedlings and 
of about 3.8 folds higher than shoot dry weight of A. senegal seedlings. There were little 
differences between shoot dry weight of T. indica and A. senegal seedlings.   
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (3.4 g) and the lowest value was recorded for T. indica (0.6 
g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value in 
mean, it was about 3.1 folds higher than root dry weight of A. senegal seedlings and of about 
5.7 folds higher than the root dry weight of T. indica seedlings. There were little differences 
between root dry weight of T. indica, A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (8.3 g) and the lowest value was recorded for T. indica 
(2.1 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 3.6 folds higher than seedling dry weight of A. senegal seedlings 
and of about 4 folds higher than the seedling dry weight of T. indica seedlings. There were 
little differences between seedling dry weight of T. indica, A. senegal seedlings. 
 For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of T. indica and A. senegal seedlings but there were no significant 
differences between dry shoot/dry root ratio of T. indica and A. lebbeck seedlings. There 
were no significant differences between dry shoot/dry root ratio of A. lebbeck and A. senegal 
seedlings. The highest value was recorded for T. indica seedlings (2.6) and the lowest value 
was recorded for A. senegal seedlings (1.3). On the other hand, the dry shoot/dry root ratio of 
T. indica seedlings gave the biggest value in mean, it was about 1.5 folds higher than 
seedling dry weight of A. lebbeck seedlings and of about 2 folds higher than the seedling dry 
weight of A. senegal seedlings. There were little differences between the dry shoot/dry root 
ratio of A. senegal and A. lebbeck and there were little differences between the dry shoot/dry 
root ratio of A. lebbeck and T. indica seedlings. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for 
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A. senegal seedlings (2.5) and the lowest value was recorded for T. indica seedlings (1.9). 
There were little differences between the dry shoot length/root length ratio of A. lebbeck and 
A. senegal but differences between these two species and T. indica were about 1.3 folds. 
  
4-23- Final assessment of some growth parameters of all the species in the second 
bigger container (20×30 cm) and in the humus: 
 Final assessments data are presented in Table 22; these assessments were made for all 
the species in the second bigger container (20×30 cm) and in the humus. 
For the shoot length, there were no significant differences between shoot length of all 
the studied species. The highest value was recorded for T. indica seedlings (62.7cm) and the 
lowest value was recorded for A. senegal seedlings (48.8 cm). There were little differences 
between the shoot length of T. indica and A. lebbeck but those between T. indica and A. 
senegal reached 1.3 folds. The differences between shoot length of A. lebbeck and A. senegal 
reached 1.2 folds.   
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for T. indica seedlings (35 cm) and the 
lowest value was recorded for A. senegal seedlings (28.4 cm). There were little differences 
between the root length of T. indica and A. lebbeck but those between these species and A. 
senegal rised to about 1.2 folds. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (9.4 mm) and the lowest value was recorded for T. 
indica, A. senegal seedlings.  (4.5 mm). On the other hand, the root collar diameter of A. 
lebbeck seedlings gave the biggest value in mean, it was about 2.1 folds higher than the root 
collar diameter of A. senegal, T. indica seedlings. There were no differences between root 
collar diameter of T. indica, A. senegal seedlings. 
 
Table 22: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the second bigger container (20×30 cm) and in the humus 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    62.7a 35.0a 4.5b 4.2b 
A. lebbeck 58.1a 33.0a 9.4a 16.9a 
A. senegal 48.8a 28.4a 4.5b 2.4b 
 
Table 22: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  1.5b 5.7b 2.7a 2.2a 
A. lebbeck 10.1a 27.1a 1.7a 2.1a 
A. senegal 1.7b 4.0b 1.9a 1.8a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (16.9 g) and the lowest value was recorded for A. senegal 
(2.4 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 4 folds higher than shoot dry weight of T. indica seedlings and of 
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about 7 folds higher than shoot dry weight of A. senegal seedlings. Differences between 
shoot dry weight of T. indica and A. senegal seedlings rised to 1.8 folds.   
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (10.1 g) and the lowest value was recorded for T. indica 
(1.5 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 5.9 folds higher than root dry weight of A. senegal seedlings and of 
about 6.7 folds higher than the root dry weight of T. indica seedlings. There were little 
differences between root dry weight of T. indica, A. senegal seedlings. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (27.1 g) and the lowest value was recorded for A. 
senegal (4 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 4.8 folds higher than seedling dry weight of T. indica 
seedlings and of about 6.8 folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings rised to 1.4 folds.   
 For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for T. indica 
seedlings (2.7) and the lowest value was recorded for A. lebbeck seedlings (1.7). There were 
little differences between the dry shoot/dry root ratio of A. lebbeck and A. senegal but 
differences between them and T. indica rised to more than 1.4 folds. 
For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for T. 
indica seedlings (2.2) and the lowest value was recorded for A. senegal seedlings (1.8). 
There were little differences between the dry shoot length/root length ratio of T. indica and 
A. lebbeck but differences between them and A. senegal amounted to about 1.2 folds. 
 
4-24- Final assessment of some growth parameters of all the species in the bigger 
container (30×40 cm) and in the humus: 
 Final assessments data are presented in Table 23; these assessments were made for all 
the species in the bigger container (30×40 cm) and in the humus. 
For the shoot length, there were significant differences between shoot length of T. 
indica and A. senegal seedlings, but there were no significant differences between shoot 
length of T. indica and A. lebbeck seedlings and there were no significant differences 
between shoot length of A. lebbeck and A. senegal seedlings. The highest value was recorded 
for T. indica seedlings (83.3 cm) and the lowest value was recorded for A. senegal seedlings 
(59.8 cm). On the other hand, the shoot length of T. indica seedlings gave the biggest value 
in mean, it was about 1.4 folds higher than the shoot length of A. senegal seedlings. 
Differences between A. lebbeck and A. senegal rised to 1.4 folds. There were little 
differences between shoot length of T. indica and A. lebbeck seedlings.  
For the root length, there were no significant differences between root length of all 
the studied species. The highest value was recorded for A. lebbeck seedlings (31.3 cm) and 
the lowest value was recorded for T. indica seedlings (23.4 cm). There were little differences 
between the root length of T. indica and A. senegal but differences between A. lebbeck and 
T. indica reached to 1.3 folds and those between A. lebbeck and A. senegal reached to 1.2 
folds. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (10.5 mm) and the lowest value was recorded for A. 
senegal seedlings.  (5 mm). On the other hand, the root collar diameter of A. lebbeck 
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seedlings gave the biggest value in mean, it was about 2 folds higher than the root collar 
diameter of T. indica seedlings and of about 2.1 folds higher than the root collar diameter of 
A. senegal. There were no differences between root collar diameter of T. indica, A. senegal 
seedlings. 
 
Table 23: Some growth parameters of T. indica, A. lebbeck and A. senegal seedlings raised 
in the bigger container (30×40 cm) and in the humus 
Species Shoot 
length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry 
weight 
(g) 
T. indica    83.3a 23.4a 5.3b 5.7b 
A. lebbeck 81.5ba 31.3a 10.5a 27.2a 
A. senegal 59.8b 26.7a 5b 3.1b 
 
Table 23: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ 
dry root 
ratio 
Shoot 
length/ root 
length ratio 
T. indica  2.1b 7.8b 2.8a 3.7a 
A. lebbeck 13.1a 40.4a 2.2a 2.7a 
A. senegal 1.4b 4.6b 2.2a 2.4a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
   
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were no significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (27.2 g) and the lowest value was recorded for A. senegal 
(3.1 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was about 4.8 folds higher than shoot dry weight of T. indica seedlings and 
of about 8.8 folds higher than shoot dry weight of A. senegal seedlings. Differences between 
shoot dry weight of T. indica and A. senegal seedlings reached 1.8 folds.  
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (13.1 g) and the lowest value was recorded for A. senegal 
(1.4 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was about 6.2 folds higher than root dry weight of T. indica seedlings and of 
about 9.4 folds higher than the root dry weight of A. senegal seedlings. Differences between 
root dry weight of T. indica, A. senegal seedlings reached 1.5 folds. 
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species and there were no significant 
differences between seedling dry weight of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (40.4 g) and the lowest value was recorded for A. 
senegal (4.6 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave the 
biggest value in mean, it was about 5.2 folds higher than seedling dry weight of T. indica 
seedlings and of about 8.8 folds higher than the seedling dry weight of A. senegal seedlings. 
Differences between seedling dry weight of T. indica, A. senegal seedlings reached 1.7 folds. 
For the dry shoot/dry root ratio, there were no significant differences between dry 
shoot/dry root ratio of all the studied species. The highest value was recorded for T. indica 
seedlings (2.8) and the lowest value was recorded for A. lebbeck, A. senegal seedlings (2.2). 
There were little differences between the dry shoot/dry root ratio of all the species. 
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For the shoot length/root length ratio, there were no significant differences between 
shoot length/root length ratio of all the studied species. The highest value was recorded for T. 
indica seedlings (3.7) and the lowest value was recorded for A. senegal seedlings (2.4). 
There were little differences between the dry shoot length/root length ratio of A. lebbeck and 
A. senegal but differences between these two species and T. indica amounted to more than 
1.4 folds. 
 
4-25- Final assessment of some growth parameters in the all containers without any 
consideration to the media types 
  Final assessments data are presented in Table 24; these assessments were made for 
the all species in the all container sizes. 
For the shoot lengths there were significant differences between shoot length in the 
bigger container and the other containers, and there were significant differences between 
shoot length in the second bigger container and the two other smaller containers, but there 
were no significant differences between shoot lengths in the two smaller containers. The 
highest value was recorded for the bigger container (65.7 cm) and the lowest value was 
recorded for the smaller container (42.3 cm). On the other hand, the shoot length in the 
bigger container gave the biggest value in mean, it was about 1.1 folds higher than the shoot 
length in the second bigger container, and about 1.5 folds higher than the shoot length in the 
second smaller container, and about 1.6 folds higher than the shoot length in the smaller 
container, and the shoot length in the second bigger container was about 1.3 folds higher 
than the shoot length in the second smaller container, and about 1.4 folds higher than the 
shoot length in the smaller container, and there were little differences between shoot lengths 
in the two smaller containers. 
 
Table 24: Some growth parameters of all the species in the all container sizes 
Container 
sizes 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry weight 
(g) 
8×13 cm  42.3c 41.0b 5.1d 3.3d 
10×20 cm 44.9c 41.5b 5.8c 5.1c 
20×30 cm 58.0b 45.5b 6.8b 8.5b 
30×40 cm 65.7a 58.3a 7.6a 12.4a 
 
Table 24: Continued 
Container 
sizes 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ dry 
root ratio 
Shoot length/ root 
length ratio 
8×13 cm  3.0d 6.3d 1.3b 1.3b 
10×20 cm 4.5c 9.5c 1.3ba 1.5ba 
20×30 cm 6.3b 14.8b 1.5ba 1.6a 
30×40 cm 8.8a 21.2a 1.6a 1.6a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
        
For the root length there were significant differences between root length in the 
bigger container and the other containers, and there were no significant differences between 
root length in the three other containers. The highest value was recorded for the bigger 
container (58.3 cm) and the lowest value was recorded for the smaller container (41 cm). On 
the other hand, the root length in the bigger container gave the biggest value in mean, it was 
about 1.3 folds higher than the root length in the second bigger container, and about 1.4 folds 
higher than the root length in the second smaller container, and about 1.4 folds higher than 
the root length in the smaller container, and the root length in the second bigger container 
 133
was about 1.1 folds higher than the root length in the second smaller container, and about 1.1 
folds higher than the root length in the smaller container, and there were little differences 
between root length in the tow smaller containers. 
For the root collar diameter there were significant differences between root collar 
diameter in the bigger container and the other containers, and there were significant 
differences between root collar diameter in the second bigger container and the two other 
smaller containers, and there were significant differences between root collar diameter in the 
two smaller containers. The highest value was recorded for the bigger container (7.6 mm) 
and the lowest value was recorded for the smaller container (5.1 mm). On the other hand, the 
root collar diameter in the bigger container gave the biggest value in mean, it was about 1.1 
folds higher than the root collar diameter in the second bigger container, and about 1.3 folds 
higher than the root collar diameter in the second smaller container, and about 1.5 folds 
higher than the root collar diameter in the smaller container, and the root collar diameter in 
the second bigger container was about 1.1 folds higher than the root collar diameter in the 
second smaller container, and about 1.3 folds higher than the root collar diameter in the 
smaller container, and the root collar diameter in the second smaller container was about 1.1 
folds higher than the root collar diameter in the smaller container.  
For the shoot dry weight there were significant differences between shoot dry weight 
in the bigger container and the other containers, and there were significant differences 
between shoot dry weight in the second bigger container and the two other smaller 
containers, and there were significant differences between shoot dry weight in the second 
smaller containers and the smaller container. The highest value was recorded for the bigger 
container (12.4 g) and the lowest value was recorded for the smaller container (8.5 g). On the 
other hand, the shoot dry weight in the bigger container gave the biggest value in mean, it 
was about 1.5 folds higher than the shoot dry weight in the second bigger container, and 
about 2.4 folds higher than the shoot dry weight in the second smaller container, and about 
3.8 folds higher than the shoot dry weight in the smaller container, and the shoot dry weight 
in the second bigger container was about 1.7 folds higher than the shoot dry weight in the 
second smaller container, and about 2.6 folds higher than the shoot dry weight in the smaller 
container, and the shoot dry weight in the second smaller container was about 1.5 folds 
higher than the shoot dry weight in the smaller container. 
For the root dry weight there were significant differences between root dry weight in 
the bigger container and the other containers, and there were significant differences between 
root dry weight in the second bigger container and the two other smaller containers, and 
there were significant differences between root dry weight in the second smaller containers 
and the smaller container. The highest value was recorded for the bigger container (8.8 g) 
and the lowest value was recorded for the smaller container (3 g). On the other hand, the root 
dry weight in the bigger container gave the biggest value in mean, it was about 1.4 folds 
higher than the root dry weight in the second bigger container, and about 2 folds higher than 
the root dry weight in the second smaller container, and about 2.9 folds higher than the root 
dry weight in the smaller container, and the root dry weight in the second bigger container 
was about 1.4 folds higher than the root dry weight in the second smaller container, and 
about 2.1 folds higher than the root dry weight in the smaller container, and the root dry 
weight in the second smaller container was about 1.5 folds higher than the root dry weight in 
the smaller container. 
For the seedling dry weight there were significant differences between seedling dry 
weight in the bigger container and the other containers, and there were significant 
differences between seedling dry weight in the second bigger container and the two other 
smaller containers, and there were significant differences between seedling dry weight in the 
second smaller containers and the smaller container. The highest value was recorded for the 
bigger container (21.2 g) and the lowest value was recorded for the smaller container (6.3 
mm). On the other hand, the seedling dry weight in the bigger container gave the biggest 
value in mean, it was about 1.4 folds higher than the seedling dry weight in the second 
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bigger container, and about 2.2 folds higher than the seedling dry weight in the second 
smaller container, and about 3.4 folds higher than the seedling dry weight in the smaller 
container, and the seedling dry weight in the second bigger container was about 1.6 folds 
higher than the seedling dry weight in the second smaller container, and about 2.3 folds 
higher than the seedling dry weight in the smaller container, and the seedling dry weight in 
the second smaller container was about 1.5 folds higher than the seedling dry weight in the 
smaller container. 
For the dry shoot/ dry root there were significant differences between dry shoot/dry 
root ratio in the bigger container and in the smaller container, but there were no significant 
differences between dry shoot/dry root ratio in the bigger container and the second bigger 
container and the second smaller container, and there were no significant differences 
between dry shoot/dry root ratio in the three small containers. The highest value was 
recorded for the bigger container (1.6) and the lowest value was recorded for the two smaller 
containers (1.3). On the other hand, the dry shoot/dry root ratio in the bigger container gave 
the biggest value in mean, it was about 1.2 folds higher than the dry shoot/dry root ratio in 
the two smaller containers, and the dry shoot/dry root ratio in the second bigger container 
was about 1.1 folds higher than the dry shoot/dry root ratio in the two smaller containers, but 
there were little differences between dry shoot/dry root ratio in the two bigger containers, 
also there were little differences between dry shoot/dry root ratio in the tow smaller 
containers. 
For the shoot length/root length ratio there were significant differences between shoot 
length/root length ratio in the bigger container and in the smaller container, but there were no 
significant differences between shoot length/root length ratio in the bigger container, second 
bigger container and the second smaller container, and there were significant differences 
between shoot length/root length ratio in the second bigger container and the smaller 
container, but there were no significant differences between shoot length/root length ratio in 
the second smaller container and the smaller. The highest value was recorded for the bigger 
and second bigger containers (1.6) and the lowest value was recorded for the smaller 
container (1.3). On the other hand, the shoot length/root length ratio in the bigger container 
gave the biggest value in mean, it was about 1.2 folds higher than the shoot length/root 
length ratio in the smaller container, and there were no differences between shoot length/root 
length ratio in the tow bigger containers, and the shoot length/root length ratio in the second 
bigger container was about 1.2 folds higher than the shoot length/root length ratio in the 
smaller container, and there were little differences between the shoot length/root length ratio 
in the second smaller container and  the smaller container. 
 
4-26- Final assessment of some growth parameters in the all media without any 
consideration to the container sizes  
  Final assessments data are presented in Table 25; these assessments were made for 
all the species in the all media types. 
 
Table 25: Some growth parameters of all the species in the all container sizes 
Growing 
media 
Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry weight 
(g) 
Sand 38.0d 60.0a 5.6c 4.3c 
Clay 65.7a 43.5b 7.8a 10.3a 
Silt 59.2b 53.8a 6.5b 9.3a 
Humus 52.0c 25.6c 5.6c 6.3b 
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Table 25: Continued 
Growing 
media 
Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ dry 
root ratio 
Shoot length/ root 
length ratio 
Sand 5.8b 10.1b 0.8c 0.7d 
Clay 7.2a 17.6a 1.6b 1.8b 
Silt 6.3ba 15.6a 1.5b 1.4c 
Humus 3.4c 9.7b 2.1a 2.3a 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot lengths there were significant differences between shoot length in the 
sand and other growing media, and there were significant differences between shoot length 
in the clay and other growing media, and there were significant differences between shoot 
length in the silt and the humus growing media. The highest value was recorded for the clay 
(65.7 cm) and the lowest value was recorded for the sand (38 cm).  
On the other hand, the shoot length in the clay substrate gave the biggest value in 
mean, it was about 1.1 folds higher than the shoot length in silt substrate, and about 1.3 folds 
higher than the shoot length in humus substrate, and about 1.4 folds higher than the shoot 
length in sand substrate. The shoot length in the silt substrate was about 1.1 folds higher than 
the shoot length in humus substrate and about 1.4 folds higher than the shoot length in the 
sand substrate. The shoot length in the humus substrate was about 1.4 folds higher than the 
shoot length in the sand substrate.        
 For the root lengths there were significant differences between root length in the sand 
and other growing media except the silt substrate, and there were significant differences 
between root length in clay and other growing media, but there were significant differences 
between root length in the silt and the humus growing media. The highest value was 
recorded for the sand (60 cm) and the lowest value was recorded for the humus (25.6 cm). 
On the other hand, the root length in the sand substrate gave the biggest value in mean, it 
was about 1.4 folds higher than the root length in clay substrate, and about 2.3 folds higher 
than the root length in humus substrate, and the root length in the silt substrate was about 1.2 
folds higher than the root length in clay substrate, and about 2.1 folds more than the root 
length in the humus, and the root length in the clay substrate was about 1.7 higher than the 
root length in humus substrate.        
For the root collar diameter there were significant differences between root collar 
diameter in the clay and other growing media, and there were significant differences between 
root collar diameter in the silt and other growing media, but there were no significant 
differences between root collar diameter in the humus and the sand growing media. The 
highest value was recorded for the clay (7.8 mm) and the lowest value was recorded for the 
humus and sand substrates (5.6 mm). On the other hand, the root collar diameter in the clay 
substrate gave the biggest value in mean, it was about 1.2 folds higher than the root collar 
diameter in the silt substrate, and about 1.4 folds higher than the root collar diameter in sand 
and humus substrates, and the root collar diameter in the silt substrate was about 1.2 higher 
than the root collar diameter in humus and sand substrates, and there were no differences 
between root length in the sand and humus substrates.  
For the shoot dry weight there were significant differences between shoot dry weight 
in the clay and other growing media except the silt substrate, and there were significant 
differences between shoot dry weight in the silt, humus and the sand growing media. The 
highest value was recorded for the clay (10.3 g) and the lowest value was recorded for the 
sand (4.3 g).  On the other hand, the shoot dry weight in the clay substrate gave the biggest 
value in mean, it was about 1.6 folds higher than the shoot dry weight in the humus 
substrate, and about 2.4 folds higher than the shoot dry weight in sand substrate, and the 
shoot dry weight in the silt substrate were about 1.5 higher than the shoot dry weight in the 
humus, and about 2.2 folds higher than the shoot dry weight in sand, and the shoot dry 
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weight in the humus substrate were about 1.5 higher than the shoot dry weight in the sand, 
and there were little differences between shoot dry weight in the clay and silt substrates.  
For the root dry weight there were significant differences between root dry weight in 
the clay and other growing media except the silt substrate, and there were significant 
differences between root dry weight in the silt and humus, and there were significant 
differences between root dry weight in the sand and humus substrates. The highest value was 
recorded for the clay (7.2 g) and the lowest value was recorded for the humus (3.4 g). On the 
other hand, the root dry weight in the clay substrate gave the biggest value in mean, it was 
about 1.2 folds higher than the root dry weight in the sand substrate, and about 2.1 folds 
higher than the root dry weight in humus substrate, and the root dry weight in the silt 
substrate were about 1.1 folds higher than the root dry weight in sand substrate, and about 
1.9 folds higher than the root dry weight in humus substrate, and the root dry weight in the 
sand substrate were about 1.7 folds higher than the root dry weight in humus substrate. And 
there were little differences between root dry weight in the clay and silt substrates.    
For the seedling dry weight there were significant differences between dry seedling 
weight in the clay and other growing media except the silt media, and there were significant 
differences between dry seedling weight in the silt and other growing media except the clay 
media, but there were no significant differences between dry seedling weight in the sand and 
humus media. The highest value was recorded for the clay (17.6 g) and the lowest value was 
recorded for the humus (9.7 g). On the other hand, the dry seedling weight in the clay 
substrate gave the biggest value in mean, it was about 1.7 folds higher than the dry seedling 
weight in the sand substrate, and about 1.8 folds higher than the dry seedling weight in 
humus substrate, and the seedling dry weight in the silt was about 1.5 folds higher than the 
dry seedling weight in sand substrate, and about 1.6 folds higher than the dry seedling weight 
in humus substrate, and there wee little differences between dry seedling weight in the sand 
and in humus substrates.    
For the dry shoot/ dry root there were significant differences between dry shoot/dry 
root in the humus and other growing media, and there were significant differences between 
dry shoot/dry root in the clay and in the other growing media except the silt media, and there 
were significant differences between dry shoot/dry root in the silt and the sand growing 
media. The highest value was recorded for the humus (2.1) and the lowest value was 
recorded for the sand (0.8). On the other hand, the dry shoot/ dry root in the humus substrate 
gave the biggest value in mean, it was about 1.3 folds higher than the dry shoot/dry root in 
the clay substrate, and about 1.4 folds higher than the silt substrate, and about 2.6 folds 
higher than the sand substrate, and the dry shoot/ dry root in the clay substrate were about 2 
folds higher than the dry shoot/dry root in sand substrate, and the dry shoot/ dry root in the 
silt substrate were about 1.9 folds higher than the dry shoot/dry root in sand substrate. 
For the shoot length/ root length there were significant differences between shoot 
length/root length in the humus and other growing media, and there were significant 
differences between shoot length/root length in the clay and other growing media, and there 
were significant differences between shoot length/root length in the silt and other growing 
media. The highest value was recorded for the humus (2.3) and the lowest value was 
recorded for the sand (0.7). On the other hand, the shoot length/root length in the humus 
substrate gave the biggest value in mean, it was about 1.3 folds higher than the shoot 
length/root length in the clay substrate, and about 1.6 folds higher than the silt substrate, and 
about 3.3 folds higher than the sand substrate, and the shoot length/root length in the clay 
substrate were about 1.3 folds higher than the shoot length/root length in silt substrate, and 
about 2.6 folds higher than the sand substrate, and the shoot length/root length in the silt 
substrate about 2 folds higher than the shoot length/root length in sand substrate. 
4-27- Final assessment of some growth parameters in the all media and all containers in 
general   
  Final assessments data are presented in Table 26; these assessments were made for 
all the species in the all media types. 
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Table 26: Some growth parameters of all the species in the all container sizes 
Species Shoot length 
(cm) 
Root length 
(cm) 
Root collar 
diameter 
(mm) 
Shoot dry weight 
(g) 
T. indica 53.4a 52.4a 5.2b 5.0b 
A. lebbeck 56.3a 43.6b 8.5a 14.7a 
A. senegal 49.1b 43.8b 5.3b 2.8c 
 
Table 26: Continued 
Species Root dry 
weight 
(g) 
Seedling dry 
weight (g) 
Dry shoot/ dry 
root ratio 
Shoot length/ root 
length ratio 
T. indica 3.4 b 8.5b 1.6a 1.5b 
A. lebbeck 11.5a 26.2a 1.3b 1.7a 
A. senegal 2.5b 5.3c 1.4b 1.3b 
Means in the column with the same letter are not significantly different at p ≥ 0.05, the significance differences 
were assessed by Duncan multiple range test. 
 
For the shoot length, there were significant differences between shoot length of A. 
senegal seedlings and the two other species and there were no significant differences 
between shoot length of A. lebbeck and T. indica seedlings. The highest value was recorded 
for A. lebbeck seedlings (56.3 cm) and the lowest value was recorded for A. senegal (49.1 
cm). On the other hand, the shoot length of A. lebbeck seedlings gave the biggest value in 
mean, it was of about 1.2 folds higher than the shoot length of A. senegal seedlings and 
about 1.1 folds higher than the shoot length of T. indica seedlings, and the shoot length of T. 
indica was about 1.1 folds higher than the shoot length of A. senegal. 
For the root length, there were significant differences between root lengths of T. 
indica seedlings and the two other species, and there were no significant differences between 
root length of A. lebbeck and A. senegal seedlings. The highest value was recorded for T. 
indica seedlings (52.4 cm) and the lowest value was recorded for A. lebbeck (43.6 cm). On 
the other hand, the shoot length of T. indica seedlings gave the biggest value in mean, it was 
of about 1.2 folds higher than the root length of A. lebbeck seedlings and about 1.2 folds 
higher than the root length of A. senegal seedlings, and there were little differences between 
root length of A. lebbeck and A. senegal. 
For the root collar diameter, there were significant differences between root collar 
diameter of A. lebbeck seedlings and the two other species and there were no significant 
differences between root collar diameter of T. indica, A. senegal seedlings. The highest value 
was recorded for A. lebbeck seedlings (8.5 mm) and the lowest value was recorded for T. 
indica (5.2 mm). On the other hand, the root collar diameter of A. lebbeck seedlings gave the 
biggest value in mean, it was about 1.6 folds higher than the root collar diameter of T. indica 
seedlings and of about 1.6 folds higher than the root collar diameter of A. senegal seedlings. 
There were little differences between root collar diameter of T. indica, A. senegal seedlings.  
For the shoot dry weight, there were significant differences between shoot dry weight 
of A. lebbeck seedlings and the two other species and there were significant differences 
between shoot dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (14.7 g) and the lowest value was recorded for A. senegal 
(2.8 g). On the other hand, the shoot dry weight of A. lebbeck seedlings gave the biggest 
value in mean, it was of about 3 folds higher than shoot dry weight of T. indica seedlings and 
of about 5.3 folds higher than the shoot dry weight of A. senegal seedlings, and the shoot dry 
weight of T. indica was about 1.8 folds higher than the shoot dry weight of A. senegal  
For the root dry weight, there were significant differences between root dry weight of 
A. lebbeck seedlings and the two other species and there were no significant differences 
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between root dry weight of T. indica and A. senegal seedlings. The highest value was 
recorded for A. lebbeck seedlings (11.5 g) and the lowest value was recorded for A. senegal 
(2.5 g). On the other hand, the root dry weight of A. lebbeck seedlings gave the biggest value 
in mean, it was of about 3.4 folds higher than root dry weight of T. indica seedlings and of 
about 4.6 folds higher than the root dry weight of A. senegal seedlings, and the root dry 
weight of T. indica was about 1.4 folds higher than the root dry weight of A. senegal 
seedlings.   
For the seedling dry weight, there were significant differences between seedling dry 
weight of A. lebbeck seedlings and the two other species, and there were significant 
differences between seedling dry weight of T. indica and A. senegal seedlings. The highest 
value was recorded for A. lebbeck seedlings (28.2 g) and the lowest value was recorded for 
A. senegal (5.3 g). On the other hand, the seedling dry weight of A. lebbeck seedlings gave 
the biggest value in mean, it was about 3.1 folds higher than dry weight of T. indica 
seedlings and of about 5 folds higher than the seedling dry weight of A. senegal seedlings, 
and the seedling dry weight of T. indica was about 1.6 folds higher than the seedling dry 
weight of A. senegal seedlings. 
For the dry shoot/dry root ratio, there were significant differences between dry 
shoot/dry root ratio of A. lebbeck seedlings and the other species. The highest value was 
recorded for A. lebbeck seedlings (1.7) and the lowest value was recorded for A. senegal 
seedlings (1.3). On the other hand, the dry shoot/dry root ratio of A. lebbeck seedlings gave 
the biggest value in mean, it was about 1.1 folds higher than dry weight of T. indica 
seedlings and of about 1.3 folds higher than the dry shoot/dry root ratio of A. senegal 
seedlings, and there were little differences between dry shoot/dry root ratio of T. indica and 
A. senegal seedlings.  
For the shoot length/root length ratio, there were significant differences between 
shoot length/root length ratio of T. indica seedlings and the tow other species, and there were 
no significant differences between shoot length/root length ratio of A. lebbeck and A. senegal 
seedlings. The highest value was recorded for T. indica seedlings (1.6) and the lowest value 
was recorded for A. lebbeck seedlings (1.3). On the other hand, the shoot length/root length 
ratio of T. indica seedlings gave the biggest value in mean, it was about 1.1 folds higher than 
dry weight of A. senegal seedlings and of about 1.2 folds higher than the shoot length/root 
length ratio of A. lebbeck seedlings, and there were little differences between shoot 
length/root length ratio of A. lebbeck and A. senegal seedlings.  
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Chapter 5 
Conclusions 
 
 The outcome which was obtained presented as the following:  
1- The growth of T. indica seedlings was generally highest in the clay medium and lowest in 
the humus medium, and it was moderate in silt and sand. 
2- The highest growth of T. indica seedlings was in the bigger container (30×40 cm), and the 
growth came in the second degree in the second bigger container (20×30 cm), and the 
growth came in the third degree in the second smaller container (10×20 cm) and the 
lowest values were in the smaller container (8×13 cm). 
3- The best growth of A. lebbeck seedlings was generally highest in the silt medium and the 
poor in the sand medium, and it was moderate in clay and humus.  
4- The highest growth of A. lebbeck seedlings was in the bigger container (30×40 cm), and 
the growth came in the second degree in the second bigger container (20×30 cm), and the 
growth came in the third degree in the second smaller container (10×20 cm), and the 
lowest values were in the smaller container (8×13 cm). 
5- The best growth of A. senegal seedlings was generally highest in the clay medium and the 
poor in the humus medium, and it was moderate in silt and sand.   
6- The highest growth of A. senegal seedlings was in the bigger container (30×40 cm), and 
the growth came in the second degree in the second bigger container (20×30 cm), and the 
growth came in the third degree in the second smaller container (10×20 cm), and the 
lowest values were in the smaller container (8×13 cm). 
7- The highest performance of all the measured parameters, without consideration to the 
media type and tree species, increased when the size of the container increased, i.e. the 
highest values of parameters growth were found in the bigger containers (30x40 and 
20x30 cm) and the lowest values were in the smaller containers (8x13 and 10x20 cm). 
8- All the measured parameters, without consideration to the container sizes and tree species, 
were generally greater in the clay than in the other media. 
9- A. lebbeck seedlings recorded the highest growth than the other two species. T. indica 
seedlings came in the second degree and A. senegal seedlings came in the last degree. 
The results showed that larger containers permit to obtain bigger and sturdy seedlings for 
all the tree species. Clay represents a good potential medium for raising T. indica and A. 
senegal seedlings while silt medium is suitable for raising A. lebbeck seedlings in the 
nursery. 
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 اﻟﻤﺮاﺟﻊ اﻟﻌﺮﺑﻴﺔ
 
ﻜﻠﻴﺔ اﻟﺰراﻋﺔ ـ ﻌﺔ ﺣﻠﺐ ـ اﻟﺤﺮاج واﻟﻤﺸﺎﺗﻞ اﻟﺤﺮاﺟﻴﺔ ــ ﻣﻨﺸﻮرات ﺟﺎﻣ–٤٩٩١،   ﻣﺠﻴﺪ ﺁﻏﺎ،ﻋﺎﻣﺮ- زﻳﺎد،ـــ اﻟﺤﺴﻴﻦ١
  . ﺻﻔﺤﺔ٦٩٤اﻟﺜﺎﻧﻴﺔ، 
ﺔ ﺣﻠﺐ ، آﻠﻴﺔ اﻟﺰراﻋﺔ ، ــ اﻟﺒﺬور و اﻟﻤﺸﺎﺗﻞ اﻟﺤﺮاﺟﻴﺔ ــ اﻟﺠﺰء اﻟﻨﻈﺮي ــ ﻣﻨﺸﻮرات ﺟﺎﻣﻌ٦٩٩١ ـــ ، ﻋﺒﺪ اﷲ اﻟﺮﻓﺎﻋﻲ-٢
 . ﺻﻔﺤﺔ٤٠٣
 -ﺎت اﻟﻤﺸﺎﺗﻞآﺘﺎب ﺗﻄﺒﻴﻘﻲ ﻟﺘﺮﺑﻴﺔ و إآﺜﺎر و زراﻋﺔ و ﺗﺴﻮﻳﻖ ﻧﺒﺎﺗ:  اﻟﻤﺸﺎﺗﻞ-٤٨٩١ -ﻋﺎدل ﺧﻀﺮ ﺳﻌﻴﺪ ، ـــ اﻟﺮاوي٣
  . ﺻﻔﺤﺔ٩٧٥ آﻠﻴﺔ اﻟﺰراﻋﺔ و اﻟﻐﺎﺑﺎت، -اﻟﻤﻮﺻﻞ ﺟﺎﻣﻌﺔ 
 دار - ﺟﺎﻣﻌﺔ اﻟﻤﻮﺻﻞ- اﻟﻤﺸﺎﺗﻞ و ﺗﻜﺜﻴﺮ اﻟﻨﺒﺎت- ٠٩٩١ -ﺣﺴﻴﻦ ﻋﺒﺪ اﷲ اﻟﺪوري، ﻋﻠﻲ -ﻋﺎدل ﺧﻀﺮ ﺳﻌﻴﺪاﻟﺮاوي،  -٤
  . ﺻﻔﺤﺔ٦١٤ -اﻟﻤﻮﺻﻞ-اﻟﺤﻜﻤﺔ ﻟﻠﻄﺒﺎﻋﺔ و اﻟﻨﺸﺮ
 ١٨١ - ﻣﻄﺒﻌﺔ ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم- ﺟﺎﻣﻌﺔ اﻟﺨﺮﻃﻮم-ﻠﻴﺔ اﻟﻐﺎﺑﺎت آ- ﻓﻼﺣﺔ اﻟﻐﺎﺑﺎت-٢٠٠٢- ـــ ﺣﺴﻴﻦ، ﺻﻼح اﻟﺪﻳﻦ ﺟﻮدة٥
  .ﺻﻔﺤﺔ
ﺗﺸﺮﻳﻦ ،  اﻟﺒﺬور و اﻟﻤﺸﺎﺗﻞ اﻟﺤﺮاﺟﻴﺔ ــ ﻣﻨﺸﻮرات ﺟﺎﻣﻌﺔ -٥٠٠٢ - ﻋﻼء اﻟﺪﻳﻦ، ﺣﺴﻦ إﺑﺮاهﻴﻢ- ـــ أﻣﻴﻦ، ﻃﻼل أﺳﻌﺪ٦
 . ﺻﻔﺤﺔ١٠٣آﻠﻴﺔ اﻟﺰراﻋﺔ ، 
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Appendix 1: General layout of the experiment in the nursery; 1: sand medium, 2: clay 
medium, 3: silt medium and 4: humus medium; the polythene bag-sizes increase from left to 
right.
1
2
3 
4 
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Appendix 2: Plates showing general growth of Tamarindus indica seedlings in different 
media types and container sizes 
 
 
 
Plate 1: Tamarindus indica seedlings growth dimensions in the sand and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
Plate 2: Tamarindus indica seedlings growth dimensions in the clay and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
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Plate 3: Tamarindus indica seedlings growth dimensions in the silt and n the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
 
Plate 4: Tamarindus indica seedlings growth dimensions in the humus and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm.    
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Plate 5: Tamarindus indica seedlings growth dimensions in the container 8x13 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
 
 
Plate 6: Tamarindus indica seedlings growth dimensions in the container 10x20 cm and in 
the different media; from left to right sand, clay, silt and humus.  
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Plate 7: Tamarindus indica seedlings growth dimensions in the container 20x30 cm and in 
the different media; from left to right sand, clay, silt and humus. 
 
 
 
 
Plate 8: Tamarindus indica seedlings growth dimensions in the container 30x40 cm and in 
the different media; from left to right sand, clay, silt and humus. 
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Appendix 3: Plates showing general growth of Albizia lebbeck seedlings in different media 
types and container sizes 
 
 
 
Plate 9: Albizia lebbeck seedlings growth dimensions in the sand and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
Plate 10: Albizia lebbeck seedlings growth dimensions in the clay and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm.  
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Plate 11: Albizia lebbeck seedlings growth dimensions in the silt and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
 
Plate 12: Albizia lebbeck seedlings growth dimensions in the humus and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm.    
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Plate 13: Albizia lebbeck seedlings growth dimensions in the container 8x13 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
 
 
 
Plate 14: Albizia lebbeck seedlings growth dimensions in the container 10x20 cm and in the 
different media; from left to right sand, clay, silt and humus.  
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Plate 15: Albizia lebbeck seedlings growth dimensions in the container 20x30 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
 
 
 
Plate 16: Albizia lebbeck seedlings growth dimensions in the container 30x40 cm and in the 
different media; from left to right sand, clay, silt and humus. 
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Appendix 4: Plates showing general growth of Acacia senegal seedlings in different media 
types and container sizes 
 
 
 
Plate 17: Acacia senegal seedlings growth dimensions in the sand and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
Plate 18: Acacia senegal seedlings growth dimensions in the clay and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
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Plate 19: Acacia senegal seedlings growth dimensions in the silt and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm. 
 
 
 
 
Plate 20: Acacia senegal seedlings growth dimensions in the humus and in the different 
container sizes; from left to right 8x13 cm, 10x20 cm, 20x30 cm, 30x40 cm.    
 
 156
 
 
Plate 21: Acacia senegal seedlings growth dimensions in the container 8x13 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
 
 
 
Plate 22: Acacia senegal seedlings growth dimensions in the container 10x20 cm and in the 
different media; from left to right sand, clay, silt and humus.  
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Plate 23: Acacia senegal seedlings growth dimensions in the container 20x30 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
 
 
 
Plate 24: Acacia senegal seedlings growth dimensions in the container 30x40 cm and in the 
different media; from left to right sand, clay, silt and humus. 
 
